Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



PIOPBKTT OF THS 



Vnimtyoj 

Midiigm 



Jmries. 




»8«7 



ARTSS SCIENTIA VERITAS 






T 

1 




EI. 



THE OHIVBRSITY OF MICHIOMI 
University Library 
Ann Arbor « Michigan 



CAUTION Please handle this volume vith 

care. The paper is very brittle. 









^r<4.£a<rj 



^yicrij^ 




^t€^A.^^k>C 



T 



-/t^.■r^.■/fry^ ^ J^ //'/^fi-^at^i^^^ SifO, 



>yi/ve-^-^_ / 






'■ ^i,' ^4i<r-^ CyT, q yi^j '^A ^-^^^ 






•/ V 



ABSTRACT OF STATEMENT 



/ 



I 

1 

% 



OF TIIK 



EXTENT AND CHARACTER OF THE WORK 



OK TUB 



UNITED STATES BOARD 



AMtMNrKD TO 



lest Iron, Steel, and other Metals. 



BY 

ROBERT II. THURSTON, 

OF ITdHOKKN', N'. J. 



From tlie ri*ort'C(linfrf; c»f tln' Aincrlran AfKdointion for f!ie A<lv;m<M'iiient of Sriencc. 

(NashviJlf, M»'ftiii};, Aug., 1877.) Vol. XXVI.] 



SALEM: 
PKINTKD AT THE SALEM PRESS. 

1878. 






ABSTRACT OF STATEMENT 



OF THB 



EXTENT AND CHARACTER OP THE WORK 



OF THB 



UNITED STATES BOARD 



jkiromrsD to 



Test Iroii, Steel, and other Metals. 



BT 

ROBERT H. THURSTON, 

OF HOBOKBW, N. J. 



pnrom the Froceediogi of the American Aesociation for the Advaneement of Science, 

(NaahTiUe, Meeting, Aug., 1877.) Vol. ZXVI.] 



SALEM: 
PBINTBD AT THB SALEM FBSSS. 

1878. 



Abstract of Statement of the Extent and Chabacter of the 
Work of the United States Board Appointed to Test Iron, 
Steel, and other Metals. By Robert H. Thurston, of 
Hoboken, N. J. 

This Board was appointed by the President of the United States, 
in accordance with the provisions of Section 4, of ^' An Act making 
Appropriations for Sundry Civil Expenses of the Government, for 
the fiscal year ending Jane SOth, 1876, a^d for other purposes,** 
approved March 3d, 1875. 

It is instructed to determine by actual tests the strength and 
value of all kinds of iron, steel and other metals which may be 
enbmitted to it, or by it procured, and to prepare tables which will 
exhibit the strength and value of such materials for constructive 
purposes. 

The Board consists of the following named members : — 

President— JjU Col. T. T. S. Laidley, U. S. A. ; Commander L. 
A. Beardslee, U. S. N. ; Lt. Col. Q. A. Gillmore, U. S. A. ; Chief 
Engineer David Smith, U. S. N. ; W. Sooy Smith, C. E. ; A. L. 
HoUey, C. E. ; R. H. Thurston, A. M., C. E., Secretary. 

The Board organized under the General Order issued by the 
President immediately after the passage of the law creating it, 
meeting at Watertown, Mass., in April, 1875. The Board at once 
proceeded to plan an exceedingly comprehensive scheme of work, 
entrusting each investigation to a Committee — usually consisting 
of three members — and distributed the greater part of the amount 

C98) 
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allowed by Congress " for the expenses of the Bosid,** among these 
Committees, for use in defraying the cost of making researches. 
These Committees were : — 

(A) Chr ABRASi03r axd Wear. IiutrwetionM : —To examine and report 

npoD the abrasion and wear of railwaj wheels, axles, rails and 
other materials, nnder the conditions of actaal ose. 

(B) 031 ARMoa Plate. JnstructionM : —To make testa of Armor Plate, 

and to collect data derived from experiments already made to de- 
termine the characteristics of metal snltable for sach nse. 

(C) 03r Chkmical Resxabch. InatructionM: — To plan and conduct In- 

Testlg^tions of the matnal relations of the chemical and mechan- 
ical properties of metals. 

(D) 031 Cbaixs axd Wire Ropes. Intfructiwui — To determine the 

character of iron best adapted for chain cables, the best form and 
proportions of link, and the qnallties of metal nsed In the mann- 
factnre of iron and steel wire rope. 

(E) 03r 0>RR08iox OF Metals. Instructions: —To investigate the sub- 

ject of the corrosion of metals under the conditions of actnal use. 

CF) Ox THE Effects of TESfPERATURE. Instructions: — To inrestlgate 
the effeeta of Tarlatlons of temperature upon the strength and 
other qualities of iron, steel and other metals. 

(G) Ox Girders axd Columns. Instructions: — To arran^ and con- 
duct experiments to determine the laws of resistance of beams, 
girders and columns to change of form and to fhicture. 

(H) Ox Irox, Malleable, /lutnic/ioiu;— To examine and report upon 
the mechanical and physical proportions of wrought Iron. 

(I) Ox Irox, Cast. In$tructions :— To consider and report upon the 
mechanicxd and physical properties of cast iron. 

(J) Ox Met A LUC Allots. Instructions : — To assume charge of a series 
of experiments on the characteristics of alloys, and an investiga- 
tion of the laws of combination. 

(K) Ox Ortiiogoxal Simultaneous Strains. Instructions : —To plan 
and conduct a series of experiments on simultaneous orthogonal 
strains, with a Tlew to the determination of laws. 

(L) Ox PfiTsiCAL PiiEXOM EXA. Instructions: — To make a special inves- 
tigation of the physical phenomena accompanying the distortion 
and rupture of materials. 

(M) Ox He-ueatixo axd Re-roluxg. Instructions: — To observe and 
to experiment upon the effects of re-heatlng, re-rolllng, or other* 
wise re- working ; of hammering, as compared with rolling, and 
of annealing the metals. 

(N) Ox Steels Produced nr Modern Processes. Instructions: — To 
investigate the constitution and characteristics of steels made by 
the Bessemer, open hearth, and other modem methods. 

(0) Ox Steels for Tools. Instructions:— To Aeitxmine the constitu- 
tion and characteristics, and the special adaptations of steels 
nsed for tools. 
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The above named Committees of the Board were appointed to 
conduct the several investigations, and the special researches as- 
signed them, in the interval during which the regular work of the 
Board was delayed by the preparation of the necessary testing 
machinery, and during such periods of leisure as might afterward 
occur. 

These investigations were expected to be made with critical and 
scientific accuracy, and were, therefore, to consist of the minute 
analysis of a somewhat limited number of specimens and the pre- 
cise determination of mechanical and physical properties, with a 
view to the detection and enunciation of the laws connecting them 
with the phenomena of resistance to flexure, distortion and rupture. 

The Board proposed to enter upon a more general investigation, 
testing such specimens as might be forwarded to the President of 
the Board, or such as it might be determined to purchase in open 
market, immediately upon the completion of the apparatus ordered, 
at which time circulars were to be published giving detailed in- 
structions relative to the preparation of specimens for test, and 
stating minutely the information demanded previous to their ac- 
ceptance. 

At a succeeding meeting, the Board considered applications 
from manufacturers requesting that work should be done for indi- 
vidual benefit, and passed the following as indicating their views 
and intentions in this matter. 

WhereaSf This Board propose, as soon as practicable, to give metal- 
makers the benefit of its testing machines, and of a skilled experimenter, 
at a reasonable charge, as a means by which they may give publicity to 
the behavior of their metals under test ; it is 

Besolvedi That this Board decline to publish the names of metal makers 
Id connection with the experiments certified to by the Board. 

Besolced, That this resolution is not to be construed as a rcfhsal to 
acknowledge contributions of metals and other aid from makers ; on the 
contrary, such services will be always gratcAilly and publicly acknowl- 
edged. 

No work of this character has yet been done as the testing 
machine will not be erected and used until an appropriation for its 
use is made by Congress. 

Immediately upon tlie completion of the organization and the 
assignment of researches to the Committees, these committees de- 
termined upon the details of their several schemes of work, and 
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the President of the Board, under his instmctions, made a con- 
tract for a testing machine of a capacity of 400 tons in tension 
and compression, and sufficiently large to take iii cohimns, or rods, 
80 feet long. Of the $75,000 appropriated by Congress, over 
$50,000 was expended on this testing machine, its foundations, 
the building in which it was enclosed, a steam engine and boiler 
to furnish power, and the cranes and other attachments to the 
machine. 

The remainder was distributed to the Committees, and was ex- 
pended by them and in defraying the travelling expenses of the 
Board. 

The Committees sent out circulars asking assistance and coop- 
eration from manufacturers, and from men of science, of the char- 
acter of which the following will give a good idea, as well as of 
the nature of the information sought by the Board. 

The Committee on Abrasion and Wear desired to receive firom 
any reliable source such precise data and such information as 
might enable the Secretary to compile, in as concise and exact 
form as possible, a statement of the mode of deformation, the 
rapidity of abrasion, and the laws governing wear in any import- 
ant typical or exceptional cases. 

The executive officers of all lines of railway, might, it was sug- 
gested, render valuable aid by furnishing statements of the wear of 
rails per ton of transportation, specifying with care the original 
weight, the make, and the character of the rail, the total amount 
of transportation, the length of time occupied, and stating whether 
the rail finally broke or was removed. Specimens of rails remark- 
able either for endurance or for a lack of this quality, if sent to 
the Committee, would be useful by assisting in the determinar 
tion of the chemical and other properties which most affect the 
value of the material uuder the stated conditions of use. Similar 
statistics and information in regard to the wear of wheels, axles and 
other parts of rolling stock and machinery, were said to be equally 
valuable. Engineers having in any instance noted and accurately 
recorded such data, were requested to transmit to the Committee 
copies of their memoranda. 

The wear of journals under heavy loads, or at high velocities, 
as well as under ordinary conditions, is an important branch of 
the subject. When possible it was desired that the dimensions of 
the journal, the maximum, the minimum and the mean weight sus- 
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tained, and the velocity of rubbing or number of revolutions per 
minute should be given. The nature of the lubricant is an essen- 
tial element ; and its composition, the method and frequency of 
application and the quantity used, and the coefficient of friction 
were asked, as also whether heating occurs, and the circumstances 
of pressure and velocity of rubbing surfaces. Peculiar instances 
of the behavior, or unusual expedients in the management, of bear- 
ings, if described accurately and concisely, were requested. 

The wear of tools, under the various conditions of workshop 
practice, was another subject of investigation. Weighing the tools 
carefully before and after use, and weighing the amount of metal 
removed were considered the most accurate method of determining 
the rate of abrasion. The area of surface finished, and the area 
of the surface cut by the tool, rate of feed, etc., were to be accu- 
rately ascertained and stated. The description of the tool, its 
shape, method of operation, the kind of metal used in the tool, 
the temper adopted, the character of the metal cut by it, the veloc- 
ity of the tool, and, where peculiarities of behavior were noted, a 
carefhl statement of them, were desired. 

The power required to drive the tool can sometimes be readily 
determined, and such information was asked as being of great 
value. 

The recent investigations of M. Tresca — Memoire Sur le EabO' 
tagedes Metaux^ etc. — was referred to as an excellent example of 
such research. 

The Committee on Chemical Research announced their inten- 
tion of making a series of determinations of the effects of carbon, 
phosphorous, silicon, manganese and other elements, upon the 
strength, toughness, elasticity and other qualities of iron and 
steel. The specimens were to be analyzed and subjected to ten- 
sion, torsion, compression and other mechanical tests. 

Makers of metal were requested to give a full description of 
the kind and make of raw materials, and of processes employed 
in the manufacture of the bars, and also of the size of the ingot 
or pile, the number of re-heats, and the extent to which hammering 
or rolling was employed in the reduction, to be kept in a reference 
book — each description having a number corresponding with that 
of the bar — all of which would be of great value. 

Analyses, including color carbon tests — in case they had made 
them— were to be given in the above description, together with 
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their mechanical tests of the material furnished, with statement 
of shape and dimensions of specimens tested, were all to be re- 
corded and furnished. 

This Committee requested each maker to supply, where pos- 
sible, one or all of the grades of steel in the following list : — 

1 bar of Steel, coDtaiDing 0.10 per ct. carbon. 

1 «« «« •* 0.20 *• ** 

1 «« «« •* 0.30 ** •• 

1 " «« • M 0.40 *« " 

1 " *« <« 0.60 " •« 

1 " «« «« 0.60 " " 

1 " «« <« 0.70 " ** 

1 «« «« " 0.80 " ** 

1 «« •« " 0.90 ** " 

1 " " «* 1.00 " " 

The Committee also asked : — 

1 bar of each of such irons or steels as may show any particularly good 
or particularly bad qualities, or such as may exhibit any very 
marked or unusual characteristics. 

1 bar of best wrought irou, with its trade mark stamped upon U. 

1 bar of very hard, but not cold short wrought iron. 

1 bar of extremely soft wrought iron. 

1 bar of average "puddled steel." . 

It was further proposed to test series of steels in which one ele- 
ment, as phosphorous, manganese or sulphur, varied by tenths or 
other fractions of a per cent., all other elements being as nearly as 
possible constant in amount in each series. 

The Committee requested to be sent : — 

Iron and steel bars of every variety of temper and quality. 
It seemed (they stated,) important to ascertain what chemical constlto- 
ents, and how much of them, make iron had, as well as good ; and what 
elements give it any peculiarities. The Committee were, therefore, quite 
as anxious to get bars of bad, and especially of peculiar qualities, as to 
get standard specimens. Neither the chemists nor the experimenters 
were to know who made the bars submitted to this series of tests, and no 
names will be published in connection with the report on results of test. 
A ftill description was required of the kind and make of raw materials, 
and of processes employed in the manufacture of the bars, and also of 
the size of the ingot, or pile, the number of re-heats, and the extent to 
which hammering or rolling were employed in the reduction, each descrip- 
tion having a number corresponding with that of the bar. 

The Committee appointed to determine the effects of variation 
of temperature upon the metals, proposed to ascertain facts relat- 
ing to the behavior of rails and of machinery exposed to the ex- 
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tremes of temperature observed in northern latitudes, which, where 
exposed to wear or to breakage, afford valuable data. The char- 
acter of the fracture and the texture of the abraded surfaces, as 
well as the statistics ordinarily collected, were to be noted. Speci- 
mens exhibiting peculiarities of behavior or appearance, and photo- 
graphs of masses which it may not be convenient to forward, were 
asked as of real value. Where exact quantitative analyses of 
metals exhibiting unusual chai-acteristics could be given, they 
were requested as aiding effectively in the determination of the 
causes of such peculiarities. 

The statistics of well-managed railroads were ex|)ected to afford 
useful and reliable information. Rolling mills, producing rails 
an«l other forms of rolled iron which are tested by the drop, it was 
thought might be able to furnish more accurate statements of the 
effect of clianges of, temperature in modifying resistance to shocks. 

Some experimental work had already been done in this field, and 
it was desired that the results of such researches should be com- 
municated in as great detail and with as much accuracy as possible. 
Published monographs, references to papers published in scientific, 
engineering or other periodicals, and unpublished papers, were 
accepted as valuable contributions. 

Assistance was asked by the Committee in the endeavor to 
ascertain the character of the changes of the force of cohesion 
produced in the metals and tlieir alloys by variations of tempera- 
ture, to determine the mathematical expression of the law govern- 
ing such changes, and to obtain such formulas, either exact or 
approximate, as would make these results conveniently and prac- 
tically available to engineers and constructors. 

Many experiments have been made by the rolling-mills engaged 
in the manufacture of wrought-iron beams, the results of which have 
doubtless been carefully recorded and tabulated. The Committee 
on Beams and Girders ^ked copies of such records and tables. 
Engineers, architects and manufacturers, have also made many ex- 
pen ments upon cast-iron beams and riveted wrought-iron stmts and 
girders, the results of which were requested by the Committee. 

It was considered desirable that information as full as might be 
obtainable, with reference to the constitution and manufacture of 
the iron used in making tlie pieces tested, should accompany re- 
ports of experiments, especially chemical analyses of the metal 
where these have l>een carefully made. 

Tlie proiX)rtion8 of the various parts of the samples tested were 
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\\\ h%^ t^xnotly f^ivcn ; and in all riveted work the size and position 
wt I do rtvotN nlioiild be clearly set forth. In all coses the modes 
\i\' nh|»lvtn^ and measuring the strains were to be stated. 

AiHMiriito oroHH-sections of the samples tested, drawn to scale, large 
t^ii«>Ufih to admit of reliable measurements, were desired as greatly 
tUodltiiMng n proper understanding and analysis of the results. 

NVhIh* tlio machiner}' ordered by the Board was in course of con- 
«hurtl(»n thr Committee desired to collect information as above, 
immI tt> niiiko such experiments as seem practicable by the use of 
dond loadn. For these experiments, and for those which were to 
\\\\ wwuU^ wlion the machinery was ready for use, manufacturers were 
»i«k«Mt to Niipply such beams, girders and columns as they desired 
\m liHvr nncfully and impartially tested. 

Tho Conunittce on Cast Iron sought information relative to: — 

tHint' -The Mtrength of cast iron — tensile, compressive, transverse, 
^lirni'lntf ttiiil torsional — under various conditions of quality, form and 
luodn or application; phenomena of rupture; the forms of breakage 
MiMMirrliiK Hufllciently often to suggest characteristic resistances; facts in 
i«tunril to ** steady strain and impact;" the '* fatigue'' of cast iron fVom 
liiiiU continued loads and strains, and fjrom ft'cquently repeated vibrations, 
MJiiii'kN or blows ; practical methods of casting large, bulky masses or very 
Hninll patterns ; methods of making castings intended to resist strains, so 
tiH to N<*(Mire freedom from sponginess and blow-holes; points to be ob- 
HurvtMl in selecting one or more varieties of iron, with a view of attaining 
ilnrinltr (lualities of castings; methods for discovering imperfections in 
cituMngN, etc. 

St'nmtL — Influence of heat, and of slow or rapid and sudden cooling; 
fhlll hardening; reflning; crystallographic forms ; physical or graphitoi- 
tliil mixtures of carbon; presence of silicon; effects resulting from 
I'hangcH in the arrangement of molecules from any cause; molecular ten- 
sion affected by chemical changes ; corroding influences when in continued 
contact with fresh or salt water, or gases; appearances leading to a 
definite knowledge of quality or character, etc., etc. 

The Committee on the strength, etc., of metallic allo3's, endeav- 
Drcd to obtain records of all experiments which have hitherto been 
made in that direction, and to secure such exact information as 
might assist in further researches. 

It was stated as desirable that such records should embody a 
statement of the precise chemical constitution of each alloy ex- 
amined, as obtained both by synthesis and subsequent analysis. 
Its specific gravity, specific heat, conductivity, its combining 
number, and the relation of its chemical constitution to the series 
of similar compounds produced by alloying the elements in the 
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proportions of chemical equivalents, were to be stated whenever 
possible. A few thoroughly well studied examples were said to be 
of more service than a large number of isolated determinations of 
single facts. 

It was further desired that the ultimate strength, the elastic 
limit, the modulus of elasticity, the ductility, resilience, homogen- 
eousness, hardness and other mechanical properties of the speci- 
men should be ascertained and accurately stated. 

Where only a part of this work could be done by the investigator, 
the Committee assumed charge of the remaining portion of the re- 
search, when the alloy could be furnished in proper quantity and 
form. 

References to published accounts of similar works and mono- 
graphs on any branch of the subject were asked. 

The Departments of Physics and of Chemistry in the various 
colleges and universities might probably be able to render valuable 
aid, and their cooperation was earnestly requested. 

The Schools of Engineering are in a position to assist this 
Committee very effectively, and their contributions were gladly 
accepted. 

Specimens of alloys for test by the Committee were to be ac- 
companied by a statement upon proper blanks of their precise 
constitution, and such information as it might be possible to give, 
with an account of peculiarities known to distinguish the alloy, 
and of the special object supposed to be attainable by the investi- 
gation. 

^. Where possible, it was required that one or more specimens 
should be furnished of each of the specified kinds, and of a defi- 
nite fonn and dimensions, which were given on application. 

Other committees set about their work in a similar way, and the 
Board thus inaugurated a scheme for the investigation of the 
strength and physical characteristics of the " useful " metals which 
was more comprehensive and more thoroughly organized than any 
ever before attempted. 

The Board received verj' little information from any class to 
whom the above described applications were addressed. 

Some valuable communications were, however, received, and the 
Secretary has translated a number of papers received from France 
and German}', and containing valuable matter, which papers will 
l)e printed, should Congress so direct, with the reports of the Board. 

Several committees at once entered upon the most important of 
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the investigations ordere«l by the Boanl and ha^-e continued their 
work up to the present time. Other committees decided to await 
the completion of the great testing machine oniereii before be- 
ginnin.r the heavier work assigneil them. In one or two other 
cases, committees began working, but cea>e«l when it seemed prob- 
able that Congress would not sustain the Boanl in its work, and 
when appropriations were refund by the House Committee. 

In si'veral cases, the want of funds has not preventevl good work 
beini? done, however. 

The Bureau of Equipment of the Navy Department permitted 
the committees on wrouglit iron and on chain cables to do their work 
on tlie testinic machine at the Washington Navy Yartl. an«l allowed 
tho:ic committees to make use of an extrenielv valuable, ver\' ex- 
teiulcd and quite expensive, series of tests there made for that 
Bureau, thus placing in the hands of the Board invaluable material 
from which to deduce most important facts and principles. 

When it seemed probable that the interruption of the oi>eration3 
of one of the most im{K>rtant committees must occur, in the absence 
of congressional support, private business firms volunteered to 
furnish the material nee<le<l for their work, although the ex|M^nse 
was certain to Ite considerable ; and when the preparation of a re- 
port was likely to be interrupted in consequence of lack of funds 
needeil in making the calculations, the drawings and the diagrams 
required to illustrate it, a gentleman whose appreciation of its 
value was evidenth' greater than that exhibited by our representa- 
tives in Congress offered to pay the cost. 

The work done to date ma}' be summarized, as reported by a 
Couimittee of the American Society of Civil Engineers as fol- 
lows : — 

The p^cncrul plan i^ announced, and is to be a thoroughly scientific and 
syHtcinaiic exploration of the field assigned to the Board. Materials are 
not only to be tested and the results stated as those derived fjrom the ex- 
aniliintion of a metal of a conventional denomination, but the test- piece, 
in each case, will usually be examined to determine how far peculiar qnal- 
\t\v.H are attributable to peculiarities of chemical composition and of 
physical structure. 

A rhcmical laboratory has been established at Watertown Arsenal, and 
the chi'iiiist to the Board, Mr. Andrew A. Blair, formerly of St. Louis, has 
aln-ady done a large amount of work upon irons, steels and other metals 
anil alloys, and the specimens thus examined as to composition are sub- 
jected to strveral kinds of mechanical stress to discover the effect of the 
composition In determining resistances to distortion and rupture. 
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A series of steels !s in preparation under the direction of the Committee 
on Chemical Research, in which other elements being retained constant 
In amount, the carbon varies regularly from to 2 per cent ; another series, 
with carbon uniform, has silicon in varying proportions ; another set va- 
ries in phosphorous, still another in sulphur, and another series is variable 
in manganese. In each series, one element varies between wide limits, 
while the other elements are all retained as uniform as possible. The 
work of the melter is checked by analysis, and the specimens are then 
tested mechanically. This investigation, greatly as it has been needed, 
has never before been even attempted. It is considered by the members 
of the Board as likely to prove the most valuable research ever made in 
this direction, and the only one in which the chemist and the engineer 
have ever systematically Joined forces in making such an exhaustive and 
scientiflc investigation. 

The Committee on Abrasion and Wear is engaged in collating informa- 
tion relating to this subject, and is making experiments at the Stevens 
Institute of Technology on the abrasion and wear of the metals, and on 
the eflTcct of lubrication in reducing it. The Chairman is fitting up mar 
chinery and apparatus for use in further investigation. A considerable 
amount of work has been done. 

The Committee on Armor Plate is engaged in collating ft'om domestic 
and foreign sources information that may be valuable In determining the 
qualities requisite in armor plate, and how those qualities are to be se- 
cured. The records of the Army and Navy Departments, and of the 
British Admiralty are considered to be the most promising mines of infor- 
mation to be worked by this Committee. 

The Committee on Chemical Research has charge of the chemical work 
referred to. 

The Committee on Chains and Wire Rope Is endeavoring to determine 
the character of metal best adapted to making chain and rope, and the 
proper form and proportion of link, and is working up the data which 
have long been collecting at the Navy Department. The later experiments 
of Com. Beardslee are extensive in range, and that officer Is collating and 
arranging the records for the use of the Board. Further experiments 
will fill up any hiatus that may be detected. The Navy Yard at Washing- 
ton, where this work is going on, afibrds peculiar facilities not only for 
testing, but for making chain cable of any desired size, form of link or 
quality of metal. 

Work already done there by the Chairman of this Committee has re- 
vealed serious defects in accepted tables of sizes and strength, and has 
indicated the rate of variation of strength, with variation of size of bar, 
and permitted the formation of a new and trustwortliy table. 

The Committee on the Corrosion of Metals is Investigating the condi- 
tions aflTecting the corrosion of metals In use. Some information has been 
collected, some chemical work has been done, and much more work Is 
projected foj the ensuing year. 

The Committee on the Effects of Temperature has planned an extended 
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Inyestigation of this subject, and is gathering information from various 
sources. The research will be commenced by the Chairman during the 
coming year, if the Board is sustained in its worlk. The Chairman has 
already collated all published information accessible in periodical litera* 
ture,~has made some preliminary experiments, and is receiving some 
Information f^om various directions. 

The Committee on Girders and Columns has a plan of operations which 
includes elaborate investigations of the strength of materials In columns 
and girders of various forms and proportions. This is the most formid- 
able and expensive of the researches to be undertaken by the Board, and 
the power and accuracy of the 400 tons testing machine will be fUlly taxed 
in this work. The Committee is receiving the cooperation and active aid 
of some of the largest manufacturers of beams and girders in the country. 
The results of experiments already made have been communicated to the 
Committee by the engineers of railroads and of mills, and in other cases 
important and costly experiments have been undertaken by private incor- 
porated companies (the Board has been invited to be present and to assist 
in the work if it should seem desirable) ; these results are to be given the 
Board, such sizes and proportions as the Board may desire to test are to 
be made, and all necessary labor furnished without any expense to the 
government. Bridge builders, civil and mechanical engineers and archi- 
tects are corresponding with the Board on this subject, and the greatest 
interest, and a most gratifying public spirit are said by the members to be 
met on all sides. The Committee itself has done considerable experimental 
work, — principally at Buffalo — the material having been, in some cases, 
gratuitously fliruished by manufacturers of rolled beams. 

The Committee on Malleable Iron has collated a large mass of valuable 
information, and the records of a great number of experiments, and, 
among other important matter, has obtained an extensive collection of 
experimental determinations of the effect of time upon the elevation of 
the elastic limit by strain, during periods varying from a few seconds up 
to a year. The variation of quality due to differences of size and form 
of section of the bar and the modification of strength, ductility and res- 
ilience are under investigation. The Chairman of this Committee is also 
determining the influence of proportions of test-pieces upon their ulti- 
mate resistances. 

The Committee on Cast Iron is pursuing a course similar to that of the 
Committee on Malleable Iron, with similarly promising results.'' 

The Committee on Metallic Alloys has made an investigation of the 
strength and other properties of bronzes, which may be taken as typical 
of the kind of work to be done by the Board. 

Several series of copper-tin alloys were prepared, varying in some cases 
by regular percentages, and in others by chemical equivalents, and were 
cast in bars of 1-inch square section and about 28 inches long. Their 
temperatures of Aision were taken at casting, and some were cast in sand, 
and others in an iron ingot mould. The weighing was carefUlly done in 
.a Coast Survey balance, in the Physical Laboratory of the Stevens Instl- 
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tate of Technology. A set were reserved for the determination of the 
coefficient of expansion, by Dr. Mayer. The others were broken by 
trmnsTerse stress, one set by dead loads, and others in tlie transverse test- 
ing machine of the Mechanical Laboratory, and deflections and tests were 
recorded to the fourth place of decimals, in inches, and also in meters 
with equal precision. The logs were made up, and the results were 
also laid off graphically. The curves revealed some peculiar and impor- 
tant flicts. The flractures were photographed and, where peculiar, were 
reported upon by Prof. Leeds, the chemist and mineralogist of the In- 
stitute. From the data obtained, the coefficients of elasticity were cal- 
calated and recorded. 

Complete sets were next broken by tension, and the results recorded 
and worked up as with the transverse tests, and the records and curves 
compared, and a series of compression specimens were made up as com- 
panion test-pieces. 

Tbe fill! series was finally tested in the autographic recording machine 
and, Arom the strain-diagrams, their strength, elasticity, ductility, resili- 
ence and homogeneousness were deduced, and the law of variation worked 
op graphically. The effect of strain in elevating the elastic limit was ob- 
served. 

All specimens were examined by the chemist, and a comparison made 
between the proportions by mixture and composition in the bar which 
exhibit the loss of metal, and to some extent, change of physical character, 
produced by melting and casting. Some curious and interesting scientific 
facts are revealed by tbe research, and a new mineral, consisting of stan- 
nic acid with a trace of copper. In magnificent needle-shaped crystals was 
produced in some cases, which has been subjected to examination and 
analysis by Prof. Leeds. 

A determination of specific gravities of the metals as purchased, as cast 
and as compressed mechanically, and In mass, and in a state of flue divis- 
ion, concludes this research. 

A similar research Is In progress, under the direction of this Committee, 
by Prof. Thurston, Its Chairman, which is intended, also, to be as com- 
plete and accurate an investigation of the copper-zinc alloys as the re- 
sources at command will permit. 

Before entering upon this work, the Chairman collated all published 
material bearing on the subject, and a preliminary report of a1>out one 
hundred pages embodies the most important facts previously determined, 
and contains the bibliography of this subject of copper-tin alloys. This 
work was supplemented by making graphical records of the experimental 
work of Mallet, Mathesscn, Calvert, Johnson and others on the conduc- 
tivity for heat and electricity, and the specific gravity and other properties 
of copper-tin alloys, as had been examined by them. It was the intention 
to profit by facts already acciuired by acknowledged authorities, to comple- 
ment them by the new investigations, and to avoid useless repetition of 
work involving serious expenditure of time. 

This paper is Itself regarded as exceedingly valuable, and particularly 
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to the mechanical enf^loeer, as It Is the first time that these earlier Te> 
searches have ever been collected and pat in an accessible and compact 
form. 

A similar preliminary research is made to preface the examination of 
the copper-tin-zinc alloys, and the same plan will be parsaed throaghont. 

The Committee on Orthogonal Strains is planning a series of experi- 
ments to determine the laws of the resistance of materials noder simal- 
taneons stresses acting in rectangular directions, as in the case of a rod 
subjected to torsional or shearing simultaneously with tensile or compres- 
sive stress. The sul)ject has been entirely unstudied up to the present 
time. 

The Committee on Physical Phenomena is preparing to seek for the 
phenomena induced by stress in the various physical modes of energy, as 
the development of magnetic, electric and thermal actions. The fact of 
the development of heat and electricity has long been known, but no sys- 
tematic or scientific investigation has ever been made in this direction. 

The Committee on Steel produced by Modern Processes is working with 
the Committee on Chemical Research. It is collating also the vast mass 
of material available and will endeavor to make a report which shall be 
of great and permanent value. 

The Committee on Re-heating and Rc-roIIing is to test iron, etc.. In the 
several stages of manufacture, refined and unrefined, and to observe the 
eflTects of successive re-heats, of re-working and rolling, to determine, If 
possible, what amount of working Is demanded by diflferent irons, and 
what are the temperatures which will practically give the best results. 

The Committee on Steel for Tools is making an extended series of ex- 
periments at the Washington Navy Yard to determine the value of variooa 
steels for tools. A large collection of steels is made; their composition 
is determined, and they are there carefully tested by setting them at 
work — turning, planing, boring and chiselling ~ and their behavior and 
their composition being thus ascertained it will probably be easy to learn 
the chemical and physical characteristics of the best tools. The names 
of makers are of no importance In this investigation, and are not to be 
reported. The Board, In all its work, will avoid reference to makers of 
material in any way that may injure any manufacturer directly or indirectly. 
Scientific knowledge of directly practical value and engineering facts and 
figures, solely are sought. 

Since that Committee reported, several of these investigations 
have been completed, and the reports are now completed, or are in 
preparation. 

About 150 steels have been completely analyzed, and the Com- 
mittee on Chemical Research are making the tests of their physical 
and mechanical properties for comparison. This work may proba- 
bly never be completed as the Committee have not sufficient funds. 

The Committees on Wrought Iron, or Re-heating and Rc-rolling 
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vsA On Cables, make a common report which is completed. In 

tto* Report, the information above outlined is carefully collated, 

and It is expected that the facts and data given will be valuable to 

•^ iiUkkers and users of iron, and especially those portions which 

analyze and describe the effects of the several details of processes 

of Quaking and rolling iron, the effects of various kinds of strain, 

and the results of the attempts made to determine the best method 

of making cables for large vessels, and to determine how uniform 

strength can be secured in iron of different sizes in the bar, and 

how to make large masses equally strong with small pieces. 

The report of the Committee on Metallic Alloys, — containing 
600 pages of manuscript with illustrations, tables of date and dia- 
grams — is completed so far as it relates to the copper-tin al- 
loys. The work on the other alloys, copper-zinc and copper-tin- 
zinc, is done, and those reports are in preparation. The result 
of all this work is comprised within the smallest possible compass, 
in the small model here exhibited ^ on which the strength of all 
possible alloys of these three classes is shown by ordinates meas- 
uring 25,000 pounds per square inch, for each vertical inch of the 
ordinate. On this little triangular plate, every possible composi- 
tion of the three metals, copper, zinc and tin — whether combined 
two or three together — is represented. Similar models maybe 
made to represent the ductility of all these alloys, or the resili-r 
ence, or the elasticity, or any other quality which has been deter- 
mined. It will be observed that we have here a beautifully accurate 
method of ascertaining maxima. It will be seen when the model 
is studied that a maximum occurs when a composition containing 
nearly the proportions of Muntz metal with about two or three per 
cent, of tin is found, and it will be seen that a very slight deviation 
in either direction from this exact mixture, reduces the strength im- 
mensely. In one direction a change of but a few per cent, makes 
a metal so brittle that it falls to pieces in the mould. It is also 
seen that the strength of certain alloys can be calculated from their 
composition, a very simple formula giving the range of composi- 
tions of maximum strength : — 

Thus, Z -|- 4 Sn = M may be taken as one, in which Z is the 
percentage of zinc, Sn that of tin in any triple alloys, and M the 

> See Ulattration accompanying paper ** On a New Method of Planning Besearchet,** 
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total which give a composition of maximom strength. That 
strength is not far from 

40,000 -f J Z = Tenacity 

where Z is the percentage of zinc, in those alloys of maximum 
strength. Again, for copper-Un alloys of from to 20 per cenU 
tin, the tenacity is not far from 

30,000 + 1,000 Sn = T 

where Sn is the percentage of tin present, the alloys having been 
well fluxed and the casting perfectly sound. For brass, the formula 
would be approximately within certain limits, 

30,000 + i Z = T. 

The other Committees than those named have not reported, but 
it is hoped that, if properly supported by Congress, they will all 
have valuable information to give. 

There seems to have been no opposition to the continuance of 
this Commission inside or outside the halls of Congress, except in 
the House Committee on Appropriations, where some members 
have not become convinced that the work of the Board is as im- 
portant in its way as that of the several Bureaus of the Depart- 
ment of the Interior, including the Patent Office ; that it is the only 
way in which the mineral resources of the country and the metal 
industries can be effectively developed, and that in no other way 
can the engineers who design, and the manufacturers who build all 
works in which metal is used, obtain that exact knowledge of their 
materials which is essential to the security of their constructions* 

It is, to a certain d^^ree, a satisfaction to be able to report that, 
although our own legislators have shown so little appreciation of 
the importance of a national work like this, those of other countries 
have been quick to take the hint given them, and that inquiries 
have come from several directions respecting the organization, and 
the methods of work of the Board which indicate that similar 
commissions will probably be organized in other countries, and 
that, so far as the scientific results aimed at are concerned, we may 
hope to see good work done, although we must forego the credit 
of having ourselves done that work, and notwithstinding the fact 
that the commercial benefit hoped for is the direct consequence of 
the work of our own Board. 

A. ▲. A, S., VOL. XXVI. 8 
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It is greatly to be r^^tted that the business and scientific men 
of the country have permitted their infiuence to become of so little 
weight at the national capital. The work of this Board has been 
demanded by nearly all of the principal organizations of business 
men, by the scientific schools and by the faculties of many of the 
ooll^ies of the country, and memorials have been presented in 
Congress^ asking liberal support for the Board, f^om the American 
Iron and Steel Association, the American Society of Civil Engi- 
neers, the American Institute of Mining Engineers, the several 
institates of technology, and from other institutions; but our 
representatives have taken far less interest in the matter than 
should have been expected, and the House Committee on Appro- 
priations have actually introduced into their last appropriation bill 
a provision for the discharge of the Board at the end of the present 
fiflcal year. 

[Printed at the Salem Tbebb, Apiili 1S78.] 
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It has boen ehowii "by the vritcr* aad by other inveHtigators that, 
whm a metal ie subjected to streM exceetling that required U> utmin it 
beyond ita original appe.rent, or " iirimitive," elastic Umit, this prim- 
itive elastia limit becomes elevated, and that strain- diagrams obtained 
sntograpfaicallj, or by carefully plotting the resnlts of well conducted 
testa of such metal, are " the loci of the successive limits of elasticity of 
the metal at the HUQceaaive positions of set, " t 

It has been shown by the writer al^o that, at the successive posi- 
tions of set, strain being intermitted, a new elastic limit is, on renewing 
the application of the distorling fnri'C, found to exist at a point which 




approximately measaresk the magnitude (*f the load at the mtecnt of 
intermission.* 

It has been still farther &hown bv the writer, and bj C4 
Beardslee, U. B. N., br direct experiment in the Mechanical! 
the Stevens Institute of Technologr. and at the Washingloo Xnj TSnd, 
that the normal elastic limit, as exhibited on strain-diagranis «C 
conducted without intermission of stress, is exalted or d 
intermission of distortion occurs, accordiug as the metal beloogp to Ihe 
iron or to the tin claK&f This elevation of the normal elastic limii hj 
intermitting strain is, as has been shown, variable in amount witlldiffiBtail 
materials of the iron class and the rate at which this exaltation pro- 
gresses is also variable. With the same material and under the same 
conditions of manufacture and of subsequent treatment, the rate of 
exaltation is quite definite and may be expressed by a very simple 
formula. The writer has experimented with bridge material, and C!om- 
mander Beardslee has examined metal specially adapted for use in chain 
cables, for which latter purpose an iron is required, as in bridge building, 
to be tough as well as strong and uniform in structure and composition. 
The experiments of the latter investigator have extended to a wider range 
than have those of the writer, and the effect of the intermission of 
strains considerably exceeding the primitive elastic limit lias been de- 
termined by him for periods of from one minute to one year. J From a 
study of the results of such researches and from a comparison with the 
latter investigation, which was found to be confirmatory of the deduc- 
tion, the writer has found that, with such iron as is here described, the 
process of exaltation of the normal elastic limit due to any given degree 
of strain usuallv nearlv reaches a maximum in the course of a few days 
of rest after strain, its progress being rapid at first and the rate of 
increase quickly diminishing with time. For good l^ridge irons, the 
amount of the excess of the exalted limit, as shown by subsequent test, 
above the stress at which the load had been previously removed may be 
expressed approximately by the formula : 

E^ =6 Log. T + 1.50 per cent. ; 
in which the time, Ty is given in hours of rest after removal of the 
tensile stress which produced the noted stretch. 

• On tbo Mechanioal Treatment of Metals ; MeUllurgical Review, 1877 ; Engineering and 
Mining Journal, 1877. 

t Trans. Am. 8oc. C. £., 1877. 

t The result on this inTestigation is completed and will be presented to the President of the 
United States by the United States Board appointed to test iron, steel, etc. 




I runs, in tue ngure, wuicu is a iufsuiuji! oi u. pan ui a Buaiu-uiuB'Sm 

I pivdnced bj snch ao iron, during a teat in wliich the iatermisaion of 

I Btteea was ot too brief duration to canse an observable ezoltatioD of the 

lormsl elastic limit in a diagram drawn on ao small a scale, the point E 

istlie primitive elastic limit of the material, and E' E" £'" £'^, are 

Ue normal elastic limits corresponding to sets under loodx which have 

'''a-ined it beyond that primitive elastic limit. In the example here 

'Uos'tirated, tiie primitive limit i& found at about 20,000 pounds per 

■qnxa^e inch, or 1,400 kilograms per square centimeter, and the other 

poiK&ts are those corresponding to toads of, respectively, 21,000, 22,500, 

25,OC)0 and 30,000 pounds on the inch, or to 1 470, 1 575, 1 750 and 

2 lOo kilograms on the sqiiftre centimeter. The corresponding exten- 

uoKk.s, as shown on the diagram, arc 1.25, 2.53, 4.50 and 6.78 per cent. 

^3ad the stress been intermitted at either ot these points any oonsid- 
eT^>^le period of time, there would have been observed a rise in the dia- 
ff»-txi SB above stated like that shown in Fig. 1, at E^ the normal elastic 
^ffut e, being, on subsequent test, found altered and a ne^r limit, e', 
olmerved. The extent of this elevation of the limit would be the greater 
ff the time of rest was greater, as already seen. 

Thus, it is seen that a metal, once overstrained, carries, permanently, 
unmistakable evidence of the fact* and can be mode to reveal the amount 
of such overstrain at any later time with a fair degree of accuracy. This 
evidence cannot be entirely destroyed, even by a moderate degree of 
annealing. Often, only annealing from a high heat, or reheating and 
reworking, can remove it absolutely. Thu-i, too, a structure, 1>roken 



down bj causes prodocing OTerstrain in its t^'nsion members, or in its 
trmnflreTBelT loaded beams (and, probablv. iu compression members — 
although the writer is not ret fnlly assnred of the latter), retains in erery 
piece a register of the maximum load to which that piece has ever been 
subjected ; and the strain-sheet of the stmctore, as strained at the instant 
of breaking down, can be thus laid down ^ith a fair degree of certainty. 

Here, then, when the work above detailed shall have been properly 
complemented with experimental determinations of the behavior of all 
the materials of general use in construction, may be found a means of 
tracing the overstrains which have resulted in the destruction or the 
injury of any iron or steel structure, and of ascertaining the cause and 
the method of its failure, in cases frequently happening in which they 
are indeterminable by any of the usual methods of investigation. 

The fact of the normal variation of the elastic limit, as change of 
form progresses under gradually increased load, has been well estab- 
lished by the experiments of Hodgkinsou, Clark, Mallett, and other 
English investigators ; by Tresca, particularly, in France ; by Werder 
and Bauschinger in Germany, and by Beardslee, the writer and others in 
the United States. 

The exaltation of the series of normal limits so produced, still further, 
as shown by the writer and as seen in Fig. 1, by the intermission of 
strain, as at J?^', is also a matter of no uncertainty as to its character, 
although much more study is needed to determine the modifying effects 
of time of intermission on metals of the two great classes and of differing 
composition. The method alx>ve outlined of determining the extent of 
previous overstrain may therefore be expected to have many useful 
applications. 

In illustration of an application of the facts thus reviewed to the 
determination of the causes and the method of the injury or the destruc- 
tion of a structure, assume the existence of a set of conditions which is 
familiar to, probably, every engineer in the country who has seen much 
of the Howe truss, and of some other forms of bridges, as frequently 
built before the present generation of professional bridge builders effected 
a revolution in that dei^artment of engineering construction. 

Suppose one of these bridges to have been built with a span of 150 
feet and to have been given such proportions that, vdih a weight of 1,200 
pounds per running foot and a load of one ton per running foot, the 
maximum stress on end-rods, or other members most strained, is as high 



as 20 000 pounds per square inch of section of metal. Suppose this 
bridge to have its tension members composed of a fair, but uurefined, 
iron,' barring an elastic limit at about 17 000 pounds per inch, and a 
tenacity of 45 000 to 48 000 pounds, and with an extensibility of about 
20 per cent. 

Suppose this structure to break down under a load exceeding that 
usually sustained in ordinary wor*k, and the cause of the disaster to be 
** involved in mystery." 

Snppose portions of the several tension members to l)e subsequently 
removed, and, a few days after the accident, to be carefully tested, with 

the following results : 

Elastic Limit. Tenacity. 

Sample No. 1 16600 i^ 000 

•• 2 18000 48000 

•• •• 3 30000 48000 

" 4 22500 60000 

•' 5.» 25000 62000 

" •« 6 27500 62000 

" " 7 ^ 28000 62000 

•• 8 80000 62000 

•' 9 32000 63000 

"10 34000 53000 

And that the extensibility is found to be as little as from ten to fifteen 
per cent. 

Suppose it to be found that the tension members were straight bolts 
without upset ends, the threads being cut, as was once common, in 
snch a manner that the section at the bottom of the thread is one-third 
less than the sectional area of the body of the bar. Suppose, finally, 
that the location of the tested pieces in the structure being noted, it is 
found tbat the stronger metal, having also the highest elastic Hmit, came 
from the neighborhood of the point at which the bridge gave way, and 
that the weakest metal and that exhibiting the lowest elastic limit came 
asually from points more or less remote from the break. It is not likely 
that in all cases the increase in the altitude of the elastic limit and the 
increase noted in the ultimate strength of the samples would exhibit a 
regular order coincident with the order of the rods as to position in the 
structure ; since the magnitude and the arrangement of the bars would, 
to a certidn extent, determine the relative amounts of strain thrown upon 
them by overloading any one part of the truss. For jiresent purposes 
^e may assume the order of arrangement to be thus coincident. 

On examination of the figures as above given, the engineer would 
conclude : First, that the original apparent elastic limit of the iron used 



in this case must have been not far from 17 COO pounds per square inch 
and that its tenacity was between 46 000 nnd 48 000 pounds ; secondly, 
that this primitive elastic limit had been elevated, by subsequent loads 
exceeding that amount, to the higher figures given by the bars numbered 
from 3 to 10 inclusive ; thirdly, that the ultimate strength of the material 
had been, in s ^me examples given above, increased by similarly inter- 
mitted strain. 

It would be concluded that the ordinary loads, such as had been car- 
ried previously to the entrance upon the bridge of that which c^iused its 
destruction, never exceeded, in their straining action, 10 500 pounds per 
square inch of section of tension rod at the part of the truss from which 
No. 1 had been taken, and that the other rods tested had carried, prob- 
ably, at the time of the accident, loads approximately equal to those 
required to strain them to the extent measured by their elastic limits at 
the time of testing them. 

It would be concluded that the rod from which No. 10 was cut was 
either that most strained by the load, and therefore nearest the point of 
fracture of the tniss, or that it was very near that i>oint, and it would be 
made the basis of comparison in further studying the case. 

As this elastic limit approaches most nearly the breaking strength of 
the metal, we may apply the formula for the elevation of the elastic 
limit with time after intermitted strain which has been above given as 
derived from tests of a metal of very similar quality. Taking the time 
of intermission as one week, the extent of the increase has a probable 
value not far from ^=5 log. 168 4-1. 5 = nearly 12 J per cent The 
magnitude of the stress upon this piece at the time of the accident was 
therefore 34 000 less one-ninth of that value, or about 30 000 pounds per 
square inch of cross-section of the bar. This corresponds to about 46 000 
pounds per square inch at the bottom of the thread, and is within five per 
cent, of the primitive breaking strength of the iron. The bar, if broken 
at the screwed portion, has therefore yielded either under a dead load 
which was at least equal to its maximum resistance, or under a smaller 
load acting so suddenly as to have the efiect of a real ** live load. '* Or the 
slight diflference here noted may be due to a flaw at the point of fracture. 
However that may be, it is almost certain that the body of the rod has 
sustained a stress of not far from 30 000 pounds per square inch. 

But it is found, on further investigation, that the load on the struc- 
ture at the time of the accident was but sufficient to make the maximum 



sti-T^s« on these rods — if properly distributed — 20 000 pounds per square 
in 0I2 at the threaded part of the piece ; which piec«, it has been seen, has 
t^oen. broken by a strain nearly double that figure. The fact is at once 
inf^x^ble that the load came upon these members with such suddenness 
H^ ±0 have at least the e£fect of a live load (as taken in the text-bopks) and 
^"VT^ng a maximum stress equal to twice that produced by the same load 
gra. dually applied, i. e., the case in which the load falls, through a height 
«?<lix«»J to the extension of the piece strained by it, the resistances being 
«^*»^xmed to increase directly as the extension up to the point of rupture, 
assumption which is approximately coi*rect for brittle materials like 
cast iron, but quite erroneous in the case of some ductile materials, 
'W'liicsh latter sometimes give a ** work of ultimate resistance " amounting 
^"^^ t;l:iree-fourth8 or even five-sixths of the product of maximum resistance 
^y "t lie extension. 

"This accident was therefore caused by the entrance upon the bridge 
^^ ^k load capable of straining the metal to about one-half of its ultimate 
'**^^'^i3gth, if slowly applied, but which, in consequence of its sudden 
*r*X>lication, doubled that stress. 

This sudden action may have been a consequence either of its coming 

^poxa the structure at a very high speed, or a result of the loosening of 

^ IX lit, or of the breaking of. a part of either the bridge floor or of one of 

^^e trucks of the train. The latter occurrence, permitting the load to 

^all even a very small distance, would be sufficient. 

IThis paper is not presented as a perfectly satisfactory statement of 

definite facts from which absolately reliable conclusions can be drawn. 

The whole subject is deserving, however, of very careful and very ex- 

*eiicled experimental investigation, and the writer has been able to obtain 

"°* a small amount of satisfactory definite information in regard to it 

** y^t. The figures given do not exactly represent those obtained from 

^y actual case. They do, however, fairly illustrate the limited expe- 

®iice of the writer, and are nearly exact for at least one case ; they may 

'"^"^ to indicate the possible value of the cautious application of the 

*^o<l here outlined of studying the causes of such accidents as are con- 

^^^d in the hyi)othetical case here taken. 

''^ *^e same method may sometimes be used to ascertain the prol)ablo 

^^ of a boiler explosion by determining whetlior tlie metal has been 

^^^ted to overstrain in consecpience of overpressure. The causes of 

^^nts to machinery may also be thus detected, and many other 

*^"*^<^ation8 will suggest themselves to every engineer. 






V- 



• # 




A NEW TREATISE 



ON 



Elements of Mechanics 



ESTABLISHING STRICT PRECISION 



IK THE MEAXIN'Cl OF 



DYNAMICAL TER.\ 




ACC'OMPANIKD WITH AX 



^PPKIN^DIX 



(»X 



DUODENAL ARITHMETIC AND METROLOGY. 



BV 



JOHN W. NYSTROM, (\ E. 




PIIILADKLIMIIA: 



S22 CITKSTNCT STUKKT. 
PUIJLISIIEI) FOJt TIIK AITIIOR. 

rnicK, $4. 






A NEW TREATISE 



ON 

Elements of Mechanics 



ESTABLISHING STRICT PRECISION 



nr TBB MKumro of 



DYNAMICAL TERMS 



AOGOMPAKIED WITH AM 

OFFEND IX 

ON 

DUODENAL ARITHMETIC AND METROLOGY. 



JOHN w: NYSTROM, 0. E. 




PHILADELPHIA: 

I=>OK.TEK. & 00-A.TES, 

822 CHESTNUT STREET. 

PUBLISHED FOR THE AUTHOR. 

1875. 



Entered aooording to Act of Congress, In the year 1876, by 

JOHN W. NY8TR0M, 
In the Office of the Librarian of Congress, at Washington. 



Westcott a TiioMsoxv, Shkbmak a Co., 

Stertotyperi and Electrotypfrs, Phila, Printer i^ PMla. 



TO 



WILLIAM SELLERS, ESQ., 



This Work is Respectfully Dedicated, 



AS A MARK OF APPRECIATION OF HIS 



DISTINGUISHED ACCOMPLISHMENTS 



IN THE MECHANIC ARTS, 



BY THE AUTHOR. 



PREFACE. 



The principal objects in introducing this new treatise on me- 
chanics are the establishment of strict precision in the meaning 
of dynamical terms^ and the classification of physical quantities 
into elements and functions. 

A revision of the principles of mechanics is a necessity long 
felt, and frequently acknowledged in the discussions of learned 
men, who have heretofore disagreed as to the true meaning of 
technical terms and the constitution of dynamical quantities. 

The prevalent discordance on these topics has caused the delay 
of this publication for over ten years, in which interim various 
discussions thereupon have been published, both in Europe and 
in America, indicating the confused condition of the subject. 

In scientific periodicals we rarely find a sound article on dy- 
namics, but the action and combination of physical elements are 
treated as if governed by individual judgment, instead of the 
fixed and immutable ordinances of nature. 

A pamphlet entitled Principles of Dynamics, exposing the con- 
fusion in the science of dynamics, has been published and pre- 
sented to the principal libraries and institutions of learning. 

In addition to the objects above mentioned, this treatise con- 
tains sufficient new and original matter to warrant its publica- 
tion. 

The Appendix is added for the purpose of supplying the student 
with materials for the coming revision and final establishment 
of an international system of metrology, which must be attended 
to sooner or later. 
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INTRODUCTION. 



This treatise is written for students of Mechanics, and the technical 
terms herein adopted are those used in the machine-shop, rejecting 
the ideal vocabulary heretofore used in text-books and colleges. 

In order to establish a standard language in Mechanics, it is hoped 
that institutions of learning will approve and confirm the terms and 
distinctions of dynamical quantities as adopted and defined in these 
pages, 57 to 69, inclusive. 

The distinction between the terms force, 'power and vxyrk has here- 
tofore not been clearly defined, but either of these terms has been 
promiscuously applied to either or all those quantities, according to 
individual caprices. 

Work has thus been distinguished by a variety of terms indicating 
different characters of that function. It has generally been main- 
tained that work is independent of time, and that power is dependent 
on time, both of which propositions are incorrect. 

REJECTED TERMS. 

Enerfiry- This term is used to denote work, but the sense of it 
conveys an idea of a different virtue — namely, that of activity or 
vigor, which is power. We say that a man has a great deal of energy 
when he can accomplish much work in a short time, which is a virtue 
of power ; but if he accomplishes the same quantity of work in a much 
longer time, we do not give him credit for much energy. The term 
energy, if employed at all, ought to be applied to power alone ; but as 
we have the expressive term 'power for that function, it is better to dis- 
pense with the term energy in dynamics. 

The term work is the proper name for the function which has been 
called energy. 
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Quantity of Motion is a term also used to denote work, which 
latter is a different function from that of motion. The sense of this 
term is inseparably associated with an idea of more or less space, 
which is a function of velocity and time without regard to force ; and 
as force is an element of work, the term quantity of motion should be 
rejected as improper to denote that function. 

The words Actual, Total, Quantity, Mode, Potential, In- 
trinsic, Eiinetic Effort, etc. are often appended to terms without 
affecting the ruxture of the quantity so denoted ; the objection to which 
is that one and the same quantity is differently defined according to 
the combination of these appended words. 

As an illustration of the effect of these appendages to terms in 
dynamics, we may apply them to geometrical quantities ; for instance, 
volume in geometry corresponds to work in dynamics, and may be 

expressed thus : 

Volume* of a eube. 
Cubical volume of a sphere. 
Total intrinsic volume of a cone. 
Actual potential vobime of a cylinder. 
Total intrinsic quantity ef volume of a pyramid. 
The actual total quantity of voluminous cubic inches in an intrinsic 
cubic foot is 1728. (A cubic foot is 1728 cubic inches.) 
All these expressions mean simply volume; as the different com- 
binations of terms denoting work mean simply work, or the product 
of the three simple elements force, velocity and time. 

The rejection of the superfluous terms will render the subject of 
dynamics much easier to teach, learn and remember. 

There is also an expression generally used in the English language 
— namely, " Consumption of coal per horse-power per hour,'' which is 
not correct, or rather it is nonsense. The intended idea should be 
expressed, " C&nsumption of coal per hour per horse-power.'* It is the 
fuel which is divided by time, and not the power. 

The consumption of fuel is work, which divided by time is power. 
There exists no such quantity in dynamics as power per time, but 
power multiplied by time is work, and work per time is power. 

The following list shows which terms are herein rejected and 
adopted : 
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DYNAMICAL TERMS. 



Bcdeoted Terms. 

Effort of force. 

Efficiency of force. 

-Acting force. 

Torce of motion. 

"Working force. 

Quantity of moving force. 

Quantity of motion. 

^ode of motion. 

3Iode of force. 

Hloment of activity. 

Mechanical power. 

Mechanical effect. 

Quantity of action. 

iflBciency. 

^te of work. 

3)ynamic effect. 

Quantity of work. 

-Actual total quantity of work. 

Total amount of work. 

J^ctuated work. 

"Vis- viva. 

living force. 

Unergy* 

Actual energy. 

Potential energy. 

Kinetic energy. 

Energy of motion. 

Energy of force. 

fieat a form of energy. 

Heat a mode of motion. 

Mechanical potential energy. 

Quantity of energy. 

Stored energy. 

Intrinsic energy. 

Total actual energy. 

Work of energy. 

Equation of energy. 

Equality of energy. 



Beason for Bc^feotlon. 

Means simply force. 



u 



(I 



(X 



All forces act. 
Means motive force. 



u 



It 



Has no definite nxeaning. 

u. u. u. 

u u u 

MeauB simply power. 



u 
u. 
u. 
u. 
It 
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Used for power or work. 
Means simply work. 



K 



It 



It 



tt 


a 


u 


tt 


tt 


ct 


a 


u 


u 


ex 


a. 


a. 


a 


a 


u. 


u 


u. 


u 


a 


u 


u. 


u 


u. 


(• 


u 


u 




u 


u 




u 


u 




a 


u 




u 


u 




u 


II 




II 


II 




u 


II 





II 



II 



(I 



II 



II 



Formula for work. 
Primitive and realized work. 
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DYNAMICS COMPARED WITH GEOMETRY. 

§ 2. In geometry we have three fundamental elements, expressed by 
the terms Lengfth, Breadth and Thickness, which serve to repre- 
sent to the mind the nature of the several properties of geometrical 
space. 

We have in like manner in dynamics three fundamental elements, 
expressed by the terms Force, Velocity and Time, which repre- 
sent the nature of physical Power, Space and Work. 

Force is any action which can be expressed simply by weight 
without regard to motion or time ; it is an essential principle which 
cannot be resolved into two or more principles, and is therefore a 
simple element. Force is the first element in dynamics, and corre- 
sponds to length in geometry. 

Velocity is speed or rate of motion, an essential principle which 
cannot be resolved into two or more principles, and is therefore a 
simple element. Velocity is the second element in dynamics, and 
corresponds to breadth in geometry. 

Time is duration, or that measured by a clock ; it is an essential 
principle which cannot be resolved into two or more principles, and 
is therefore a simple element. Time is the third element in dynamics, 
and corresponds to thickness in geometry. 

Power is the product of the first and second elements, force and 
velocity^ and is therefore a function. 

Power is the first function in dynamics, and corresponds to the 
product of length and breadth, which is surface in geometry. 

Space is the product of the second and third elements, velocity and 
^771^, and is therefore a function. 

SpcLce is the second function in dynamics, and corresponds to the 
product of breadth and thickness, which is the area of a cross-section 
of a solid in geometry. 

Work is the product of the three simple elements force, velocity 
and time, and is therefore a function. 

Work is the third function in dynamics, and corresponds to the 
product of length, breadth and thickness, which is volume in geometry. 
Work is also the product of the element force and function space, 
because the function space contains the elements velocity and time : 
like volume in geometry, it is the product of length and area of cross- 
section. 

Work is also the product of the function power and element Ume, 
because the function power contains the elements force and velocity : 
like volume in geometry, it is the product of area and thickness. 
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DYNAMICS. 



§ 1. Dsniamics is that branch of mechanics which treats of forces 
in taction, producing power and luork. It comprehends the action of 
^ kinds of machinery, manual and animal labor in the transforma- 
tion of physical work. 

Quantity is any principle or magnitude which can be increased 
^^ diminished by augmentation or abatement of homogeneous parts, 
ati^ which can be expressed by a number. 

Ejlement is an essential principle which cannot be resolved into 
^vro or more different principles. 

BHinotion is any compound result or product of two or more 
different elements. 

A function is resolved by dividing it with one or more of its ele- 
'Hients. 

Force, Velocity and Time are simple physical elements. 

Power, Space and Work are functions of those elements. 
The combinations of the elements in the functions are as follows : 



ELEMENTS. 



Force 



F. 



Velocity— V, 
Time - T. 



Mass 



M 



Fig. 59. 



F:M=^ V:T. 

MOMENTUM. 

MV-FT. 




FUNCTIONS. 

Power P-i^ V. 
Space 8 ^V T. 
VforkK^FVT 
Work .fir -^JifF'. 



P:if-i"P:/S. 



WORK. 



F8^\MV^. 



These are the fundamental principles in dynamics. 
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SUMMARY OF INHABITATION AND CIVILIZATION IN WORLDS. 

Inhabitants of other worlds are as comfortable with their combi- 
nation of material and physical elements as we are with ours. They 
have different lengths of years, seasons, nights and days; different 
force of attraction, atmospheric pressure, light and heat, as shown in 
the table of elements of our planetary system. A body weighing one 
pound on the earth's surface weighs 2.456 pounds on Jupiter^ and 
only half a pound on the planet Mars, The light on the surface of 
Uranu8 is only 0.003 of that on the Earth, but the optical organs of 
its inhabitants (if such exist) are constructed accordingly, so as to 
render them as comfortable with their light as we with ours. 

Each variety of inhabitants is necessarily accommodated to the 
conditions of the operating elements, the most perfect organizations 
requiring more complicated elementary combinations. 

We can justly claim that man is the most perfect organization 
known on our earth, but that claim cannot be extended to other 
worlds, particularly as long as we maintain armies and navies for 
offensive and defensive purposes ; whilst the various forms of mischief, 
egoism and malignity which exist among men on earth, do not speak 
well for their civilization. 

Considering the progress of man within th« scope of history, and 
the fact that a large portion of the human race is yet in it-s primitive 
state, totally estranged from the surrounding progress, it appears that 
our earth cannot be very old in its present permanent condition. The 
idea of age in this connection comprehends millions of years. 

We have good reason for supposing that organirations in other 
worlds outside of our system are far superior to our own, because the 
character of organizations does not depend only upon the existence 
of all the material and physical elements, but principally upon their 
proportions and distribution, which are evidently better classified in 
other worlds or in permanent nebulas existing millions of years before 
our earth was formed. The superior organizations in such old worlds 
have advantages not only in time and experience, but in greater 
varieties of physical phenomena upon which to exercise their know- 
ledge and intelligence. 

They may be sufficiently advanced in the science of optics to be 
able to extend their vision to our earth and examine our doings. 

We can therefore be convinced that there exist in other worlds 
beings which are far superior to ourselves, whilst above all presides 
the Creator of the Universe^ who superintends these myriad organi- 
zations, whose infinite inventions testify to His exhaustless and eternal 
power. 
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§194. DYNAMICS OF SOUND. 

Sound is work, consisting of the three simple elements FVT.oi 
wliiol jP« force of the sound, F- velocity of vibration, and T- time 
^^ continuance of the sound. 
16 loudness of sound is 

Power P- F F. 

le pitch of the sound indicates the proportion between F and V. 
JO different sounds of different pitch may be of equal power or 
lou<iiiess, but the high-pitch sound is then produced by small force F 
and great velocity F, whilst the low-pitch sound is produced by 
g>"e€Lter force F' and smaller velocity F', so that the products F V 
and F' V are alike in the two sounds. 

X^et an elastic spring a 6 be drawn aside a space 3 where the force 
^ -^T Leave the spring to take its own course, ^^ 224. 

a-nd it will move fore and back and set the 
s^i:rrx)unding air into vibration, which produces 
soixjdd. 

Tie work expended in drawing the spring 
.e is K^F &, which work is restored by 
Lucing sound, and the spring will continue 
^ ^tound until all the work F 8\r consumed. 

*-tTie loudness or power P^FVoi the sound 
^ greatest at the start of vibration, after which 
^^ "Vrill gradually diminish, and finally fade /""^ u N 
"^'"^^^y to nothing. 

X^fferential work hk — Pht, but the power decreases as the time in- 
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^^^^ases that we can place P — — , in which (7 is a constant factor. 

Sk - ^\ K'^ - a hyp.hg, T. 

* K. F S 

Time of sound, hyp,log, T- -— — — ^ . 

The force JPof an elastic spring is as the space 8 within the limit 
^f vibration, and the mean force in the space 8 is therefore \ F. The 
^ring vibrates the same pitch of sound in any space 8, and the pro- 
^rtion between F and F is therefore constant. The loudness of the 
sound or power P^^F F= 08'^, or the power of the sound, is as the 
square of the space of vibration. The velocity F in the above for- 
mulas means that of the force producing the sound, and not the ve- 
locity of the sound from the sonorous body. 
24 
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FORCES, RESULTANTS AND CATENARY. 



Pages 18 and 19. 
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It has been generally customary, in making experiments on steam 
engines in order to determine their economy, to measure the amount 
of coal consumed in performing a certain amount of work. These 
measurements give the commercial economy of the machine. 

So long as all the machines compared are of the same design and 
dimensions, and the coal used is of the same kind and quality, and 
the pressure of the steam, the degree of vacuum, the rate of expan- 
sion, the temperature of the atmosphere, and all other circumstances 
are the same, it may be inferred that any difference in the economy 
10 the result of some imperfection in the machine itself. 

Or if there is a variation in one particular only, as, for example, 
in the pressure of the steam, the difference may be fairly assumed to 
be due to that variation ; but if there are several variations at the 
same time, as, for instance, different kinds of engines or boilers, and 
different steam pressures, when there is any gain or loss of economy 
it is impossible to decide to which of the variations the change is due. 

It may be that if a poorer economy shows in the case where there 
is used the higher steam pressure and greater expansion, then the 
power which was gained by the high steam pressure and great expan- 
sion, was lost, together with something more, in the increased conden- 
sation and leakage; or that where in addition there are also used 
different kinds of boilers in the two cases, that the power which was 
gained in the engine was lost in the boiler, or the reverse, leaving the 
final result the same. 

Any differences in the kinds of coal used, or in the skill of the fire- 
men, blend themselves inseparably with the other variations, and are 
indistinguishable from them in the final result. 

An exhaustive series of experiments on all of even the important 
points of variation in modern steam enginery, separateli/j there only 

1 
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ble is first developed as heat by the barning of the coal ; a portion 
of this heat is utilized in changing the water into steam, the balance 
being wasted either in radiation or by being carried off in the hot 
gases throngh the chimney. A part of the steam formed is applied 
to move the piston, the balance being wasted by condensation against 
the sides of the pipes and cylinders, and by leakage past the piston 
or valves into the condenser. Only a small portion of the total force 
contained in the steam that is applied to move the piston is utilized, 
the balance escaping with the exhaust steam into the condenser. Of 
the force that is utilized in the cylinder only a portion performs any 
external work, the balance being absorbed in overcoming the back 
pressure and by the friction of the machine itself. Of the remaining 
AQall portion that may be applied to the screw another part is wasted 
^ overcoming its useless resistances, and only the balance used ta 
propel the ship. 

l!he following figures represent approximately the iuppozed distri^ 

bution of the total force in the best examples. No account is taken 

^ them of the coal that is consumed in the various ways on board 

^p other than those mentioned, as, for instance, in jgetting up steam, 

^^ Bteam used to work pumps, for steam loit through the safety- 

^^Ives, for heat lost in blowing off, or remaining in the furnaces after 

^^ Vessel has arrived in port. These and other causes usually add 

^^ least ten per cent, to the consumption, leaving the force utilized 

^»Oiit nr per cent, of the total force expended in the coal. The cost 

^^ ^ti indicated horse power by the figures would be 2\ lbs. of coal 

^'^ hour, nearly. 

PER CBira. 

^^^1 heat in one hundred lbs. of anthracite com- 
^vistible, in units of heat, . . . 1,400,000 

^^tict heat equivalent to weight of ashes, . 200,000 

_^^H.l heat in one hundred lbs. of anthracite coal, 1,200,000 

^^'i^ied off by hot gases in chimney, 

^^H.ilable to produce steam, . 
^^t; by leakage and condensation, 



^^^ilable to perform work in cylinder, 
vj'^^aped with steam into condenser, 

^^nsformed into work, 
"^^isorbed in overcoming resistance of engine and 

load, ..... 40,000 8J 



)al, 1,200,000 


100 


200,000 


16f 


. 1,000.000 


88J 


200.000 


16| 


800,000 


66^ 


660,000 


65 


140,000 
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The tappet rod passes through the heads of both steam and water 
cyliDders, is moved in one direction on being struck by the steam 
piston just before reaching the end of the stroke, and the reverse 
when struck by the water piston. This arrangement allows the dis- 
tance between the pump and the steam cylinder heads to be reduced 
to only that necessary to draw back the glands for packing. When 
the valve is moved by any tappet on the piston rod, the distance be- 
tween the cylinder heads must be at least the length of the glands, 
plus the length of the stroke. 

The tappet rod is connected through a vibrating lever and stem to 
a casting which combines both the auxiliary valve and a movable 
seat for the main steam valve. The main valve is an ordinary ^^D " 
valve sliding upon the movable seat, and held between two shoulders 
of a supplementary piston or plunger. 

The ends of the supplementary piston or plunger are fitted in their 
leqwetive cylinders, which are cast in one piece with the main valve- 
Amtf the outer ends of these cylinders being connected with open- 
iBgi under the auxiliary valve by little ports cast in the chest. 
These small ports lead from the auxiliary valve-seat towards each end 
of the supplementary cylinder, and are divided so as to enter at two 
<iifinnt points, one through the head, and the other some distance 
from it, this last being covered by a piece of sheet brass acting as a 
^ve which allows steam to enter the cylinder but opposes its exit. 

In order to understand the action . of the valve, consider the case 

^hea the piston is moving to the right. The movable seat or auxil- 

'M^ valve having been previously moved to the left, the former 

P^k-rUy elomng the ports in the valve-seat, the plunger and main valve 

^in have been moved to the right, thus admitting steam to the left 

^ the piston, and releasing it from the right. The piston moving 

*^^adily toward the right will, when near the end of its stroke, strike 

^9 tappet rod, moving it, and with it the auxiliary valve first into 

Position shown in Fig. 4. The ports to either end of the supplement- 

*^7 cylinders are closed, but the main steam port to the left and the 

^XhauBt port to the right end of the main cylinder are yet open, the 

'^^n valve being still at the extreme right. The main piston being 

^^Q exposed to the steam pressure continues on towards the right, 

^^ moves the auxiliary valve with it until the steam communication 

^^ opened by the small ports to the right end of the supplementary 
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cylinder, and at the same time the steam in the other end is released. 
The full pressure of steam then acts on the plunger or supplementary 
piston to move the main valve to the left and admits steam to the right- 
hand end of the steam cylinder. At this instant the main piston is 
within a fraction of the end of its stroke, but may continue to move 
toward the end until the steam has had time to overcome the inertia 
of the plunger. When this has been overcome it moves rapidly to the 
left until the left end of the plunger has closed the branch port of the 
cylinder, and the other branch in the head being already closed by 
the brass valve the steam remaining in the cylinder cannot escape, 
and the supplementary piston is gradually brought to rest by the 
accumulating press between the piston and the head. During this 
interval the main piston commences its return stroke. So far the ac- 
tion is similar to the ordinary auxiliary valve motion. 

In all steam pumps which have only this motion it will happen that 
when the pump is running very rapidly, as when it sucks air, that the 
piston will move past the point where the auxiliary valve admits 
steam to the plunger, and will strike the head before the steam has 
time to act upon the valves. But in this pump if the main piston 
continues towards the head it must draw with it the movable seat, 
until the right-hand port passes the outer edge of the main valve, 
opening the port to the steam, and the left-hand port passes the inner 
edge opening the left end of the cylinder to exhaust. Under the 
above circumstances, the main piston will make a return stroke even 
though the supplementary piston and main valve should not have 
time to move at all. 

Independent circulating pumps for marine engines are rapidly 
gaining favor ; being independent of the main engines they can be run 
at any desirable speed, and as they are generally in duplicate, one 
can be repaired if necessary, while the other is doing duty. 

In addition, they furnish a great safeguard against foundering at 
sea in case of accident to the main engines. If the pumps were 
attached to the main engines, the same weight of water could be de- 
livered overboard if the engines could be run at the proper speed, 
but it must be remembered that it takes the whole power of the boilers 
to run the engines at the ordinary speed, and that their speed cannot 
be increased in an emergency, but oftentimes by reducing the speed of 



Fig. 1 ahowe a section anil elevation of the pi 




There are two of these pumps used for circulating the water throvgh 
tlie condenser. Each pump has a separate suction pipe, dmriag 
water through a strainer containing 2000 J -inch faolee, in thtlrilg* 
of the ship, thence to a Kingston valve, and throngh 15 feet of lUa. 
copper pipe, to pumps, and delivering through 18 feet of Ifi-iodt 
copper pipe to top of condenser. Here the water from both pnraps 
combines and passes four tiroes through nests of condenser tnbee, 
each nest containing 1978 tubes, ^ inch internal diameter and 7 Cset 
3^ inches long, and thence through two copper pipes, each 15 inehea 
diameter and 25 feet long, to uutboard delivery valves, 24 taehw 
below the surface of the water outside. For the purpose of this ex- 
periment a 15-inch copper pipe was bolted to each outboard delivflr^r 
valve, to oirr; the water up to a tank, where it could be measured. 
This pipe had at the lower end a right angle bend of a central radiu 
equal 14 inches, and at the upper end a return bend or goose-neck of 
the same raijius. 

The height of the centre of the goose-neck above the surface of the 
water was 11 feet. An additional length of leather pipe, 4 feet long, 
was fastened to the goose-neck, in order to carry the atream below the 
surface of the water in the tank, as it was found that if the stream fell 
through the air into the tank, so much air would be carried down with 
it as to render it impossible to know how high the surface of the 
water in the tank was. When the stream was protected the surface 
was clear and smooth. It was proposed to measure the water by 
allowing it to flow through i number of orifices in the bottom of the 
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tuik, e*ch orifice being small enough to allow the water delivered by 
it to ba meunrud separ»tel; at any instant during the experiment ; 
the nuB of ftll the deliveries, or the average of a sufficient number to 
detoauM m meui multiplied by the number of orifices, being the 
mooDl of wftter discharged. 

Fig. S showu ft aection through the condenser and side of the ship ; 
the ■ROWS allowing the course of the water. 






There was a separate tank for each outboard delivery, of the fol- 
lowing dimensions : diameter, 48 inches; height, 72 inches; thick- 
veas, I inch. 

A hole, 24 inches in diameter, was cut in the bottom, and a com- 
pt^sitioD plate, planed 1 inch thick and 28 inches diameter, was bolted 
*I>on the under side. There were drilled in this plate 55 holes, each 
''^le being 1| inches diameter, and beveled out on the upper eide, the 
^pth of the bevel being I inch and the angle 80° from the vertical 
■iQe of the hole. The average distance between the centre of these 
^olee was 3^ inches. 

During the experiment a portion of the holes was plugged up with 
'Mtpine plugs. Daring the experiment the pump worked under the 



additional loAd due to tlie 11 feet heiw] on the standing pipe and the 
friction of the sides and bends — more than vould be required when 
in regular use at sea. 

Fig. 3 shovB the arrangement of the tank in reference to the water 
and side of the ship, and the method of supporting the platform and 
measuring barrel. 




It will be seen that the two circulating pumps act entirely as meters 
«f the best construction, for they are Bufficientij far below the Burfaott 
of the water outside the ship to be filled to overflowing at every stroke 
and the entire cylinder full of water must be forced through the con- 
denser on the return stroke. 

If the rate of these pumps as meters could be determined at Tarioos 
TelociticB, the volume of water which they were delivering at any time, 
could be computed. 

The following is a description of the apparatus used, and the results 
obtained in the oxperimnnt mitde previously to the trial of the ship's 
engines, wliich has not yet taken phice. 

Ic is expected tli^u the trinl will take place BO soon as the ship 
co-ntd out of th3 djck, where aho is now receiving new decks and 
general rep^iirs. 



16 

The following experiments were made with the pumps: 
let. To determine the volume of water that would be discharged, 
through the plate in the bottom of the tank, at various heads, and 
with various numbers of the orifices plugged up. 

2d. To determine the volume of water thrown by the pump at 
various velocities, and the power required. 

To determine the amount of. water discharged, the pump was run 
•t a velocity required to maintain the desired head in the tank, and 
the water discharged through one orifice was received in an oil barrel, 
through a 8-inch iron pipe, one end of the pipe being curved up on a 
Tadius of 12 inches and adjusted under an orifice, so that the whole 
fitream would fall directly into it ; the other end being curved down 
to discharge into the barrel. The total length of pipe was 9 feet, and 
it was 80 supported that it could be adjusted under any orifice and 
i&ade fast 

The spaces between the streams were large enough to allow the ob- 
*®i^er to notice that the whole stream was falling into the pipe, even 
^hen under the central orifice. 

The barrel to receive the water, the contents having been carefully 

^^^fbed and measured, was hung so that it could be swung under the 

^'^^ of the pipe at the instant desired, and, when full, dumped. 

-^"be time occupied in filling, and the mean head during the interval, 

^f^ looted, and the experiment repeated a number of times. The 

'^'Uon of the pipe was then changed to come under another orifice, 

^^e experiment repeated, and so on until the mean discharge of 

^^ ^ orifices, at various heads was determined. 

'^^ temperature of the sea water during these experiments was 74°, 

^^ ^iie saturation ^ (July 8th, 9th, 10th, 11th). 

"^*^^ barrel contained 6'367 cubic feet. 

** ^^as found that when the depth of water over the plate was more 

xnan ;g f^^^^ ^^^^ there was no perceptible difference on the discharge 

01 o^^ifices in various parts of the plate; but that when the head be- 

cam^ less than 3 feet, the discharge varied in different orifices, and at 

aine^^jj|. times in the same orifice, under the same head. 

"■-^is was true, whether all the 66 holes were open, or whether a 
portion Qf them were plugged. There could not be detected any dif- 
WTfettce in the flow, with a head of more than 3 feet, from a difference 
in t r\e arrangement of the open and closed holes. 
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The following are the mean resnlts of 49 experiments with a head 
greater than 8 feet : 



Hm4 of watMT aboTe plMt, 
Ininebct. 


CaUe k«tdl«diwctd kj Moh 
•rilMpwMooirf. 


72164 


•1059 


52t>60 


•0900 


41060 


•0796 



Fifty-four experiments on less heads than these gave results vary- 
ing among themselves from lero to twenty-five per cent,, and are 
therefore rejected. 

The amount of water discharged from the same orifice at different 
heads should vary, if there were no causes of disturbance, as the 
square root of the heads. 

The following comparison « the amount discharged actually and 
computed for the last two casco, ')y a comparison of the square root 
of the heads with the amount delivered in the first case, shows that 
the discharge does vary as the square root of the head, as the differ- 
ences are within the errors of observation : 

Hm4 Ib iiMhflt. liiiehA^* bj Xmytite«it By OoMpttriwm. 

72154 1059 

52-660 -0900 -09019 

41-050 0796 -07964 

The coefficient of contraction being the ratio of volume of water 
actually discharged to that represented by the area of the orifice 
multiplied by the theoretical velocity, is 

C = -7776. 

The following table shows the number of cubic feet which will be 
discharged by each orifice daring one hour at various heads, computed 
from experiments^ by a comparison of the square root of the heads. 
If no opportunity should offer during the trial of the engines to test 
the capacity of the orifices, it will only be necessary to note the head 
of water in the tank, and to multiply the corresponding discharge 
from the table by the number of orifices open, in order to obtain 
the volume of water discharged per hour at any given instant. 

The mean of these volumes (not the volumes corresponding to the 
mean head) will give the mean discharge of the pump for any number 
of observations. 
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The only apparent cause of error will be a change in the density of 
the water, either from more or less salt, or from a change of tempera- 
ture; but the errors from these causes will probably be inappreciable. 

-Dumber of cubic feet which will he discharged in one hour from a sin- 
9^ orifice at various headsy computed from experi^nent by a com- 
P<iriion of the square root of the heads. 



•d la Indie 


». DiHchnrge. 


72 


. . . 380-8 


71 


. . . 378-i 


70 


. . . 87or> 


• t;9 


. . . 37-2 -8 


08 


. . . 370-1 


07 


. . , 367-4 


«6 


. . . 3<34-() 


«o . 


. . . 361 -y 


«4 , 


. . . 359-1 


C3 . 


, . . 356-2 


t>2 . 


, . , 353r> 


»^1 . 


. . 350-li 


o<j . 


. . . 347-7 


Stt . 


. . 844-8 


'~*8 . 


. . 341-8 


•'i7 . 


. . 338-S 


So . 


. . 335-9 


-'is . 


. . 333(1 


•~>4 . 


. . 329-l> 


•■>3 . 


. . 3-26-8 


52 . 


. . 323-7 



Heail in inche: 

52 
51 
50 
49 
48 
47 
.. 46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
3(! 
35 
34 
33 
32 



Dist^barge. 

323-7 
320-(; 
317-4 
314-2 
311-0 
307 -S 

304 •:> 

3011 
297-7 
294-3 
290-9 
287-4 
2840 

280-:; 
270-7 
2731 
209-3 
205-0 
201-7 
2o7-9 
254- 
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^ ^the conclusion of the experiments upon the tanks, a series of 
exp®"^Xinent8 were made upon the pumps, to determine the volume of 
w*^^^ delivered at various velocities, and the power re([uircd to work 

*''^«8e experiments were made by running one pump at a velocity 
nec^^^^fj to maintain a constant head in the tank of nearly five feet, 
the ^^igineer changing the throttle a little, in response to ai^^nals, 
vhet^ the head of water varied. It was found that the head could 
h^ Maintained within two inches of that desired. 

^\1 the experiments were made with the same head of water in the 
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tank, more or less of the holes being plug(;ed, in order to change th 
velocity of the pump in the different experiments. 

In some of the experiments the pumps were run one hour, but 
was concluded that as the head and strokes were so nearly constan 
one half hour was sufficient for the latter portion of them. 

The number of strokes was counted every 5 minutes during tl 
hour trials, and every 2i minutes during the half hour trials, durin 
one minute, by a sand glass, which had been tested and found to I 
correct, and the mean head (when there was any variation) durin 
the minute noted. 

Indicator cards were taken every five minutes during the trii 
from both the steam and water cylinder of the forward pump. 

There were no indicator attachments on the after pump. 

The'' scales of the indicator springs were found by experiment. 

The stroke of the forward pump was 18| inches. 

The stroke of the after pump could not be measured. 

The following are the means of the result : 



nK^^T EXPERIMENT. 



Which Pumi). 

Number of strokes, . 
Head of water in tank, 
Number of holes open, 
Cubic feet of water per hour, 
Nominal volume of pump, . 
Per cent, of do. delivered, . 
Actual volume of pump, 
Per cent, of do. delivered, . 



SECOND EXPERIMENT. 



Which Pump. 

Number of strokes, . 
Head of water in tank. 
Number of holes open, 
Cubic feet of water per hour. 
Nominal volume of pump, . 
Per cent, of do. delivered, . 
Actual volume of pump. 
Per cent, of do. delivered, . 



Forward. 


Aflff. 


. 63-46 


64-5 


. 61115" 


60-75" 


. 30 


30 


. 10,530 


10,572 


. 10,930 


11,110 


. 96 4 


95-2 


. 10,510 




. 100-2 




EKT. 




Forward. 


After. 


. 79-643 


85-458 


. 59-8" 


61041" 


. 40 


40 


. 13,884 


14,003 


. 13,715 


14,720 


. 101-2 


95-3 


. 13,190 




. 105- 





Forward. 


After. 


95-8 


99-2 


61" 


60-9 


48 


48 


16,828 


16,827 


16,500 


17,080 


102- 


98-5 


15,870 




106-2 
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THIRD EXPERIMENT. 
Which Pump. 

Number of strokes, . 

Head of water in tank, 

Number of holes open, 
Cubic feet of water per hour, 
Nominal volume of pump, . 
I*er cent, of do. delivered, . 
-Actual volume of pump, 
IPer cent, of do. delivered, . 

It ^^ouldy at first thought, appear impossible that any pump should 
deliver more water than the actual piston displacement, but it must 
be remembered that the conditions of these pumps are materially dif- 
ferei>t; from those generally tested. 

I*^ place of having to suck the water from a tank below, the pump 
^y"*x Jer is 2J feet below the surface of the water, which would, if the 
pisto n were at rest, fill the barrel, and rise 2i feet above. 
■*^lie maximum velocity of the water in the suction pipe is less than 
'^^t per second, while the velocity due to a head of 2 J feet is more 
*>axx 14 feet, leaving a margin of 10 feet velocity corresponding to a 
®^^ of more than 1^ feet, tending to overflow the pump barrel, 
-^^tis would account for an amount of water equal to the full dis- 
^ ^^^ment of the piston, for it will be seen hereafter that the head 
^ ^^ssary to overcome the resistance of the valves and pipes is less 
^^'^^ this difference. 

o account for the excess of water delivered another cause appears. 

^ ^-S^he total length of all pipes from the sea to the pump, and thence 

^ ^^^ugh the condenser and overboard, is more than 70 feet. These 

^^^8 must be filled with a solid column of water, for there are no air 

^ ^^els on the pump, and there can be no air in the water, except that 

^*^ wn in through the Kingston valve in the bilge, 20 feet below the 




ace. 

^he mean velocity of water in these pipes, at 100 strokes, is 

^^Te than 3 feet per second. 

AVben the pump piston has its maximum velocity it is pushing this 

^^lumn of water, but when it reaches the end of its stroke and sud- 

^^Uly stops, hesitating an instant before commencing a return stroke, 

^^c long column of water cannot be instantly stopped without burst- 



20 



ing all the pipes, but must, as in a hydraulic ram, continue in motion 
until its momentum is exhausted. 

The velocity of 8 feet per second would carry it up about li inches 
in the standing pipe, if the piston i9h(^ild hesitate long enough. 

The total travel of the water might be 

■ 18}" Hi J", 
and the per cent, of pistou displacement delivered 

18J+1J 



18J 



= 108 



The maximum excess would be, at this speed, 8 per cent., which 
would be reduced by the resistance of the passages. 

There can be no gain of efficiency from this cause, for although 
a portion of the water has gone through the pump without effort, 
when the piston commences its return stroke it will press on the water 
at rest, or nearly so, which must be set in motion at the expense of 
the steam. 

The shape of the indicator cards taken from the water cylinder 
appears to indicate that, during the first part of the suction stroke, 
the water was pressing on the piston, as explained above, and that 
the portion of the stroke through which that action lasts, inoreases 
as the pump runs faster, corroborating the measurements and fore- 
going theory. 

The results computed from the indicator cards taken from the for- 
ward pump (copies of which are annexed to this paper), are as follows : 

Number of strokes, . . . G3-46 79-64 9S-8 



Steam, mean pressure, 
back 



(( 



(( 



(k 



i( 



total 

Water, mean pressure, . 
Pressure necessary to work puinj), steam 
sure less water pressure, 



8-6 
2-77 



972 10-62 
6-24 984 



pres- 



11-37 15-96 19-96 
7118 7-678 8-88 

1-482 2-049 1-78 



Mean 1-77 

Actual horse-power (one pump), 6-5 11-2 14-7 

Actual horse-power at reduced head (one pump), 2-46 4-86 7-1 



F 





The following computation of the bead in feet, necesBarj to for 
the water through the pipes, valves an<l condenser tubes at the vel 
city correspOQiIing to sixty strokes of the pump per minute, ma 
previous to the experiment, according to the law of hydraulics 
laid down in Rankine's Civil Engineering, serves to check the act 
racy of the experiment, and to show th»t the power necessary to wo 
a circulating pump on shipboard can bo very approximately co 
puled when the arrangement of pipes is known : 

Asanmed velocity of pump, 60 strokes per minate. 



Tubes, . 


2-698 


1-028 


Pip.., . 


1-227 


2-241 


Pamp, . 


1-76- 


1-562 


VaWe ports. 


I-187."> 


2-324 


Strniner holes. . 


t-474 


1-872 
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Tkb loMes of head considered are : 

lit Head neceesar j to give Telocity. 

31 " ** " overcome friction. 

8d. •* «« u «t resistance of bends. 



4th: « " " *< 

line have the following values : 

I 

bpTe reloeitj, 
TabM, 

KpM, 

Punp bftrrel, 
Ytlre ports, 
Strainer, 



i( 



(t 



valv 



;*= 



v' 



^ 



h = -0602 
" -2337 
« -0758 
" -1677 
" -0543 



■o917 



** OTereome friction A. = 1*; 



V 



% 



^ vhieh F is a factor depending upon the form and material or the 



Tubes, • 
Pipes, . 
Pump barrel, 
Valve ports, 
Strainer, 



A-=-275840 
" -089280 
" -000222 
" -001310 
'' -004388 



'384040 



To 

Overcome resistance in bends, being an amount depending upon 

^*^ber and abruptness of bends, A3=1'1664. 
Overcome resistance of springs on back of valves. 
-Area of rubber disc, 50 square inches. 
Strength of spring, 45 lbs. 
Estimated lift, ^ inch. 
Press per sijuare inch, -^- lbs. 

^'^^s of head: 

Receiving valve, h^ 1*8 
Delivery '- 1-8 



3-6 
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FrictioD.and bends in external pipe : 

1 

Aj=-08fi0 

I 

1 

Total resistance at 60 strokes : 

A,= -591700 
hj= -884040 
A,=l-664000 
A.=8-600000 
A,= -086000 

6-326740 

Total loss from friction at 60 strokes : 

A,= -59170 
k,= -38404 
A,=l-66400 
h,= -08600 



2-72674 
Total loss from friction at 63-46 strokes : 

(63^6f 2-72574 ^ 3-049 
(60)' 
Resistance of valves, . . . 3-600 

Statical head in pipe, . 11-000 

Computed head equivalent to resistance, • 17*649 

Experimental head equivalent to resistance, 
being mean pressure + height of water 
above the pump, . . . 16*460 

Difference, 1-278 

Error of computed resistance in per cent, of 

actual resistance, • • • 6} 

This error probably arises from the valves not lifting as much as f 
inches, and therefore the springs on the backs of the receiving and 
delivery valves not offering the resistance stated. 
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TRIANGULAR BEAMS. 
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Ab I find that the statements of different authors respect- 
ing the strength of triangular beams are very conflicting, I 
propose in this article to make an analytical investigation of 
the problem, and compare the results with experiment. 

The problem may, for convenience, be thus stated: 

-4 tfiangular prism being supported at its extremeties^ it 
is required to ascertain how great a weight it will sustain 
ai the middle point without fracture, 

Sut as we know that the strength of a beam depends 
vpon Its transverse sections, it will only be necessary to in- 
Testigate the resistance of a triangular section. 

To introduce the several points which I wish to discuss, 
I diall make extracts from various authors. I find in 01m- 
stead's Natural Philosophy, p. 163 (or p. 107 of Prof. Snell's 
edition), the following statement: 

^A triangular beam is twice as strong wh,en resting on its 
broad base as when resting on its edge, 

I would pass this statement with the remark that the 
deduction is founded on Galileo's theory, which is known to 
fee false, were it not for the &ct that many think that the 
statement is correct; also that beams made of some kinds 
of material are stronger in the former than in the latter 
pontion, but not for the reasons given by Olmstead. 

1. Suppose the beam is made of wood. 

The resistance of wood to compression is nearly the same 
as for extension. If it were the same, the beam would be 
eqnallj strong in either position; for the same strain comes 
upon the edge, whether it be up or down. 
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2 Triangular Beams. 

But if it resist more to tension than compression it would 
be stronger when resting on its edge^ and vice versa. These 
conclusions are fully sustained by experiment. Mr. Couch 
made some experiments on triangular (Canadian) oak beams, 
fixed at one end and loaded at the other. The mean of four 
experiments gave, 

with the angle upward, . . . 815 lbs. 
" downward, . . . 848 " 

(See Barlow's Strength of Materials, p. 118.) 

2. Suppose the beam is made of cast iron. 
Cast iron will resist about 6 times as much to compres- 
sion as to tension (see Mahan's Civil Engineering, p. 82). 
Hence, if we suppose the yielding to be at the angle, the 
beam will be six times as strong when the angle b upward 
as when it is downward. I know of no experiments on trian- 
gular cast iron beams, but Barlow has made experiments 
which confirm us in our conclusion (see his Strength of Ma- 
terials, p. 887; also, Mahan, p. 88). If the beam is fixed at 
one extremity instead of being supported, then it will be 
stronger with the angle downward. In a similar manner we 
might determine the relative strength of a beam in the two 
positions if made of any other material. 

I now propose to find the strongest trapezoidal beam vfhich 
can be cut Jrom a given triangular one. 

To investigate this case, we will resort to the fundamental 
expression for the resistance of beams subjected to a trans- 
verse strain. 

Let B =: the ultimate resistance of a unit of section to com- 
pression or extension. 
d,— distance of the farthest fibre from the neutral 

surface. 
I = moment of inertia of the section about an axis 
through its centre of gravity and parallel to the 
base. 

We the have for the moment of resistance 

RI 



TriangtUar Beams. 



[See Moaley's Meohonics and EDgineering Eq., (637).] 



Let A B c be the given triangle. 
ABED the required trapezoid. 

iet ^A B. V=^*D B. 

0*^0— longest altitude 

of A B c. to^^o F. 

H*=centre of gravity of the trapezoid abed. 

rf,=F H. (2) 2f==C H— {/, + to. 

ij is the neutral axis of the trapezoid. 
To find o H, we have, from the equation 
of moments, origin at c, 

laJJa — i»wtw+ — z — {a — v))z. 




(«) 






^ (b + v) (a — to)' 



From the similarity of triangles we have 
(4) V :v) :: b : a • • w =z ~^ v. 



a' b — V w* 



w : 



From (2) and (3) we have <?, = z — w = f ^^ -^j-^^^^^^. 

by substitnUng w from (4) we have 

(6) 



- - a 25' — bv — V* 

'''"*T 6+11 



The moment of inertia about i j as an axis is equal to the 
moment of inertia about d e minus the area a b e d x f h^. 

Let vf = X. de = f/. 

Then from the similar triangles c d e and c dewe have 

y :b: :x + to OT X 4--^- v : a. 

o 



• • 



y = 



bx + av 



a 



Hence, the moment of inertia about d e as an axis is 



jr=a — w 



r<^) 



|(M 



f<^ydx=f^(bx+av)^x=^[^l+ [|a^]^ 



|(4-r) 



TriangtUar Beams. 
Area of the trapezoid is 



2 ^ '2b 

which multiplied by f h'^* d^ gives 

p) i-g(y-^ ("'7:r') ' 

which Bubtraoted froQi (6) gives the moment of inertia 
I j; which by redaction will become 

/Q\ T ^ cf[lf-\r b^v — ^ bW'\' sb'vi-bv* — 

If V -• this becomes «— li- o^ 6, which is the mor 

inertia of a triangle about an axis pasiung through its 
of gravity and parallel to its base. 

By substituting (5) and (8) in (1) we have 

j_ _1_ q' \ 'b'' + b^v^ Sb^v* + Sb'v ' — bv 
^ ^ *rf ~ 12 *y L 2"*» — b V — tf' 

wluch is to be a manmum ; 

.•.we have 

(lO]-^=0=ff+2bt^—5b^v* — SVf^+ldb*v*—lO*t 
^ ' dv 

By discussing this equation we find that it lias three 
each equal ft, which gives a^minimunu Divide Eq. (1 
{p^Vfi and we have 

(11) v*+5i«'+7yt;-ft'=0 

(1 2) make v — — - — and 1 1 becomes 
• 3 

^^12ft»2— 92y— 0, 

which solved by Cardan's formula gives 

2 _ 5-391 18 ft, and this in (12) gives 

(13) V— ;o*13093 bj and this m (4) gives 

(14) to— 0*13093 a. 

By substituting o, Eq. (13), in (9) it becomes 

(15) By- 0-646625^^. 



IHangular Beams. 9 

MakiDg o««0 in (9), we have the moment of the fiill triangular 

^ , Ba'ft 
(16) section — 0"5 • 

Dividing Eq. (15) by (16) gives 1-09125. 

Henoe, if Ihe angle of the prism be taken off to *18 of its 
d^h, the prism toiU be 1*09125 times as strong^ which is 
a gain of over 9 per cent. 

Haapt, in hi^ yalnable work on Bridge constmotion, pi 51, 



^It is found that the prism becomes ' one-thirty-seyenth 
part stronger when the angle is taken off to one-tenth of the 

depth.»» 

Making v^^-^ b in Eq. (9) and we haye 
(11) b1- 0-54385-^, 

which is 0'04385 ——stronger than the full section. Divid- 
ing this by (16) we find that it is 0*0877, or more than one- 
twelfth?, part stronger. 

Barlow, in his Strength of materials, p. 116, says '^that it 
is the commonly received notion, that if the vertex, or up- 
P^r edge of a triangular prismatic beam, be cut off to one- 
third the depth, the piece will be stronger than before." 

To compare this "received notion" with theory, make 
^•«i 6 in (9), and we have 

(18) 0*465608— -—> 

' 12 

which being divided by (16) gives 0*93101, or according to 
^eory this trapezoidal beam shoiUd be (yrdy ninetj/'three-hun- 

^edths as strong as the triangular one Jrom which it is 

cut. 

This conclusion is sustained to a remarkable degree of 
^^tness by the experiments of Mr. Couch as given by Barlow, 
p. 118. 

The mean of seven experiments made by Mr. Couch on the 



6 Triangular Beams. 

strength of triangular oak beams with the angle upward, is 
306 lbs. 

The mean of two on trapezoidal beams with the narrow side up, 
made from triangular prisms of the same size used in the pre- 
ceding experiments by cutting off the angle to one -third the 
depth, is 284*5 lbs., which is only four-hundredths lb. less than 
•93 of 306 lbs. 

By comparing expressions (15), (16), (17), and (18), and 
calling the strength of the triangular beam unity, we haye the 
following results: 

Strength of th«tri«3gnlmrb6«]n, ....... 1. 

Strength of the same beem if the edge be oat off to K the depths . 6.88101 

« •• •« *• >lJ - . . 1.087t 

M u u M to M to give a niAzlinmn. 

Strength, ......... 1.09U 

In order to explain this apparent paradox, we must remem- 
ber that the condition is not that the triangular beam shall be 
fractured completely through, but that it shall not be fractured 
at all. Now the greatest strain comes upon the edge, but 
there is only one fibre there to resist it ; but after a small por- 
tion of the edge is remoyed there are many fibres along the 
line D s at equal distances from the neutral surface, each of 
which will sustain the same part of the greatest strain. 

If the triangular beam were loaded so as to just commence 
fracturing at the edge, we might increase the load 9 per cent, 
and increase the fracture to only thirteen - hundredths of its 
depth ; but if the load be increased beyond this amount, it will 
break the beam completely in two. 

Again, Haupt says (p. 51), ^'It is found that the strength 
of the triangular prism is to that of a rectangular prism 
haying the same base and altitude, as 339 : 1000 or nearly 
as 1 : 3." 

The moment of resistance of the triangular section is, 
Eq. (16), 
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The moment of resistance of a rectangular section is well 
known to be (found from (1) ), 

(n) -^Ra'ft. 



Triangular Beams, 7 

Hence, theoretically, they are to each other as 1 : 4. 

I will close this article by comparing the mazimam trape- 
zoidal beam with a rectangular one having the same base and 
altitude. 

Let <? = altitude «= 0*87 a, nearly ; 

•• -7669' 

which substituted in (15) gives 



0-72 



And (19) becomes — "RcPb, 
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Hence the resistance of the maximum trapezoidal beam is 
that of a rectangular one having the same base and altitude as 



-^ of 0*72 : -TT or as 36 : 100. 
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PREFACE. 



The wants of civilization are constantly exi)anding, and to supply 
these, ingenuity is continually taxed to invent new systems and ap- 
pliances. Particularly is this so in closely settled communities. 
The family actually furnishes itself with but a small part of its daily 
wants. By a division of labor, the few minister to the wants of the 
many. Our clothing, many of our daily supplies, our lights, even 
the water we use, are furnished systematically, better and cheaper 
than we can supply them ourselves. One thing more was needed, 
viz. : a system of heat distribution. 

Mr. Birdsill Holly, through the agency of steam, is the first to 
solve this problem ; and " The Holly Steam Combination Com- 
pany, of Lockport, N. Y.," was formed to practically demonstrate 
the utility of his inventions. 

Assured of complete success, after a winter of actual operation, 
we greet a long-suffering public, and in the following images, set forth 
somewhat in detail, the measure of our success, and the methods of 
accomplishment. 

The Plates here exhibited are designed to give the reader a general 
idea of the uses of the special parts of the system, without the burden 
of a minute mechanical description, which is reserved for engineers 
and persons directly interested in putting in the work. 



THE HOLLY SYSTEM 



OF 



STEAM HEATING 



FOR CITIES AND VILLAGES. 



Warmth is the essential condition of life in the human body, and 
vitality ceases when warmth departs. Its proi)er distribution is neces- 
sary to our health and happiness. Climatic changes from day to day 
tend constantly to destroy the equilibrium of our comfort. Food sup- 
plies carbon, one of the elements of heat ; clothing wards off the rude 
blast, and prevents too rapid radiation from our bodies. These are 
prime necessities, but they are not enough. 

Through much of the year we still require artificial warmth in our 
homes. How to secure this warmth to a proper degree economically 
and to maintain pure the air that we breathe, has been the study of 
many minds and the subject of many inventions. The transition from 
the open fire-place of our fathers to modern appliances has been in the 
line of labor-saving and economy in fuel, but not in the direction of 
pure air and wholesome living. Stoves and furnaces, though serving a 
valuable purpose, are subject to grave objections. At best they are 
imperfect heaters. They pollute the air with dust. Deleterious gases 
escaping are stealthily commingled with the atmosphere which we 
breathe, and are the cause of not a few serious ailments. 

STEAM HEATING 

is doubtless the climax of all the adaptations thus far in supplying arti- 
ficial heat. This agent, the world's mighty working power, which drags 
heavy trains across continents and drives the merchant ship across the 
ocean, can yet perfonn the more quiet but not less useful and effective 
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THE HOLLY SYSTEM OF STEAM HEATING. 



service of wanning the homes of millions who dwell in cities and villages. 

To quite an extent steam is already used in heating buildings. But 
the boiler and fixtures for single dwellings are very expensive, as is also 
the maintenance. Some years since, Mr. Birdsill Holly, a celebrated 
engineer, and the inventor of the Holly Water Works system, etc., etc., 
conceived the idea that steam could be supplied from a central ix)int, 
not only for power but to heat large districts of dwellings, stores, and 
other buildings in cities and villages, the same as gas and water have 
been for a long time. Subsequently he put his ideas into an experi- 
mentally practical shape, which soon satisfied him that the plan was 
entirely feasible if properly worked out. 

In January, 1877, the Holly Steam Combination Company, of Lock- 
port, N. Y., was formed under the statute, with necessary capital to test 
the plan on a large scale. Three miles of underground pipe were laid, 
but little of it larger than four inches diameter, and after a series of 
exact tests and detailed practical experiments, and after the experience 
of a variable and jjeculiarly trying winter, the system is pronounced by 
all to be a practical and perfect success. '^ 

We exhibit herewith a plan (sec plate page An) o^ the district now being 
heated, with the position of the mains, buildings, etc. The company 
has through the winter been heating about forty large dwellings, scat- 
tered along the line, also a large school building, 105,000 cubic feet, and 
the largest hall in the city, besides furnishing steam to run two engines, 
one of them nearly half a mile distant from the boiler-house, and are 
supplying steam for a number of other purposes. 

Houses a mile away are heated as readily as those near at hand. 
Three boilers are in position, two of them horizontal, 5 by 16 feet, and 
one upright. In the coldest weather two were fired slowly, but much 
of the time the steam has been furnished by a single boiler. The fire 
is, of course, kept up constantly. Two firemen do all the work, one 
for the day and one for the night. They can do the same work for 
three hundred or four hundred dwellings, when that number is attached 
along the line. Careful exi)eriments demonstrate the fact, that with 
sufficient boiler capacity, and pipes of proper size, an area of more than 
four miles square in any city or village can be warmed from one set of 
boilers. The arrangement of boilers by this system is deserving of spe- 
cial attention. Our building is intended to contain six boilers. (See 
plate Ni). 2.) The street main will have two connections with this 
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train, one at each comer of the building on the north side. A larger 
building for a larger system, will contain an increased number. If one 
boiler from any cause is disabled, it will not interfere with the opera- 
tions of the others. In the coldest weather, if necessary, the whole 
number can be fired. As the weather moderates, a part can be dropi>ed 
out of service, or they can be used alternately to facilitate occasional 
cleaning. 

We present also a drawing, (see plate No. 3,^ showing a section of 
district designed to be heated in an imaginary city, with streets, dwell- 
ings, stores, factories, etc. In the plan submitted are 200 stores with 
offices, 200 dwellings, 9 churches, and about 20 factories. Estimating 
the cubical contents of the stores as averaging 50,000 cubic feet, dwell- 
ings 10,000, churches 200,000, factories 100,000, we have 

200 Stores 10,000,000 cubic feet. 

200 Dwellings 2,000,000 

9 Churches 1,800,000 

20 Factories 2,000,000 






Total 15,800,000 cubic feet 

This space is to be warmed by one batter)' of ten boilers, each 5 feet 
diameter by 16 feet long. The boiler-house is at A^ intersection of 
Niagara and Buffalo streets. Two eight inch mains lead from the house, 
one into Niagara street, connecting with an eight inch street main. 
The other connects with the eight inch main in Buffalo street, the two 
intersecting the main in Pine street, which is also eight inches, thus fonn- 
ing a circuit of eight inch pipe around the block in which the boiler- 
house is located. The arrangement is such that it will be impossible 
for the district to be deprived of steam at any time, for in case of acci- 
dent, any one of the mains can be closed without interfering with the 
general circuit. Suppose it necessary to close the main on Buffalo 
street, between Pine and Niagara, the steam will leave the opposite end 
of the building and through Market street to Pine, and through Buffalo 
to Delaware, it will connect with all parts of the district. The mains 
throughout the entire district are divided into sections, each of which is 
so controlled by the arrangement of valves, that it can be closed, or 
shut off, in case of necessity, without inconvenience to the other sec- 
tions ; but as this is of rare occurrence, the precaution is simply a safe- 
guard. By these arrangements and connecrions, any part of the district 
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which may be for the time drawing a large amount of steam, may be 
reinforced from opposite directions, and thus the pressure be evenly 
maintained throughout the entire district. The pipes, as they radiate 
and approach the limits of the district, decrease in size from eight inches 
to one and one-half inches in diameter, to correspond with the amount 
of steam to be passed. It will be seen that much smaller and less 
expensive pipes are used than are necessary in the low-pressure system, 
which is used to advantage in single buildings, but could not be em- 
ployed in an extended s)rstem of street mains. Under the low-pressure 
system in the pipes, the amount of steam which can be delivered is very 
limited. But by Mr. HoU/s system of regulation, low-pressure, 4 lbs. 
or less, is secured in the building, while 60 lbs or more may be carried 
in the boilers and mains. It will readily be seen that with this amount 
of pressure, a small pipe will deliver an immense quantity of steam, 
while the conditions in the building are always uniform and safe. These 
mains are laid in ditches dug in the streets, three to four feet deep, so 
as to be above the gas and water pipes. The pipe is covered with non- 
conducting materials, and then inserted in logs of wood bored for the 
purpose. These are laid over tile to secure drainage. The drainage is 
also an improvement to the street after the ground becomes settled. 

THE CONTRACTION AND EXPANSION 

of the iron for conveying steam long distances, has been a real obsta- 
cle to successful operations. In this system, an expansion junction 
service box is placed at intervals of 100 to' 200 feet in the line. (See 
plate No, 4.) This provides for the free longitudinal expansion and 
contraction of the mains, and from this box the service pipes are car- 
ried under ground to the basement of buildings to be heated. The 
service pipes having an adjustable hood inside the junction box, may 
be turned downward, thus taking up the water of condensation as fast 
as it accumulates, and carrying it forward to the regulator valve inside 
the cellar walls, as shown in plate No. 5. At this point, the water of 
condensation being at the degree of heat due to 50 lbs. pressure to the 
square inch, — is wire-drawn, and by this reduction of pressure, it is 
largely re-converted into steam, and is carried on to the radiators, where 
it is again condensed. By this device it will be seen that although 50 
lbs. pressure is carried in the mains, it may be reduced to one or two 
lbs. in the building, and therefore in a house two or three miles distant 




Plate No. 4. 
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from the boiler there will be precisely the same result as in a building 
only a few feet away. The consumer living near the boiler-house will 
have no advantage over the consumer living a mile away, since each 
will ordinarily carry the same house pressure — which is steam at the 
same temperature. 

STEAM FIRE ENGINES. 

These will be greatly simplified in construction, and the cost reduced 
one-half or more, as the boiler and furnace will be entirely dispensed 
with. On the'streets of cities and villages having a reser\'oir s}^tem, 
steam will be taken from the main to the curbstone, where a pipe will 
come to the surface beside the street hydrant (See cut^ last page ^ on 
the cover,) The engine will be comi)aratively cheap and portable, and 
after the alarm, will arrive promptly on the ground without the frightful 
noise and confusion attending the ordinary steam fire-engine. It will at 
once take power from the steam pipe, and suction from the hydrant. 
The power will be always up, and by having the steam pipe impinge 
against the base of the hydrant, freezing will be prevented in the cold- 
est weather. While it will not, perhaps, reduce the number of firemen, 
'it will increase their efticiency and greatly diminish the cost and current 
expenses of the fire system. The effectiveness of steam itself as an 
element applied directly to the entinguishment of fires, is well known in 
the oil regions. In burning buildings the fire often rages under the 
floors between the joists, where it cannot be reached by water. Steam 
being lighter than air, when poured into such a building in sufficient 
quantity, rises and fills these spaces, thus preventing combustion. A 
two-inch i^ipe, at 60 jMDunds pressure, will deliver 5,000 cubic feet of 
steam per minute, which would make a body of steam two feet deep 
below the ceiling, in a room 25 by 100 feet. 

ICE AND SNOW 

can easily and cheaply be removed from streets and sidewalks, where in 
large cities it is frequently a serious obstacle to ordinary locomotion and 
trafllic. 

A receptacle one by six feet, near the curbstone, with a steam coil at 
the bottom, will melt the snow as fast as delivered therein, and the 
water will be conveyed to the adjacent sewer. 

Experiments show that the cost in fuel of melting a ton of snow in 
this manner will not exceed five cents. 




fLATE No. 5. 
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GREENHOUSES AND CONSERVATORIES. 

In addition to the services mentioned above, with steam under this 
system, we also heat greenhouses and conservatories, either by the steam 
direct, or by the circulation of the water of condensation. By an inge- 
nious contrivance of Mr. Holly, water can also be carried to all the 
rooms in a dwelling, either by atmospheric pressure, or by the applica- 
tion of the direct force of steam for that purpose, (see plate No, 7,^ 
without pump or engine. 

The accumulator shown at K^ is a thin cast-iron pipe 8 or 10 inches 
in diameter, capped at both ends, placed upright in kitchen, bath-room 
or where wanted — ^with a half inch pipe leading from the tank in the 
cellar, into the bottom of the Accumulator, provided with a check valve 
at the tank-end. Also a three-eighths inch steam pipe leading from the 
cellar into the top of the Accumulator, shown at R^ the water for use 
being drawn from the bottom, through valve c, 

OPERATION. 

On opening valves and r, the steam will enter at the top and drive 
the air out at c. Then close both valves, and the steam will condense 
and form a vacuum, when the space will be filled with water from the 
tank below. It is then ready for use. If a quantity of water is drawn 
by opening both valves, the space will soon be filled by closing both 
valves. If the water is to be stored in a 

TANK IN THE ATTIC, 

the three-eighths inch steam pipe described above should be attached 
above the regulating valve, where it will get the full pressure of the street 
mains. Then with a half inch pipe, with check valve leading from the 
bottom of the Accumulator to the tank in the attic, we have only to fill 
the Accumulator as before described, then open the steam valve ^, which 
will produce a pressure of 30 to 50 pounds to the inch, on the water in 
the Accumulator, and elevate it to the tank above, even 60 or 80 feet 
high. The water in the tank can be kept hot if desired, by leaving 
valve open after the water is out of the Accumulator, the steam pass- 
ing through the water-pipe into that noiseless box before mentioned, 
which may be placed inside the tank. 



^i-^ 
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Machinery for a great variety of light mechanical and manufacturing 
purposes, which exists in all cities, will be operated, and the exhaust 
steam used for heating in the same building. 

We have thus detailed some of the uses to which steam is being 
applied, under this system. Steam heating is not new, as many large 
establishments have for years been warmed through a great length of 
pipe. But the supplying of steam to the public^ by measure^ at a price, 
and its delivery through mains and laterals of iron pipe laid in the pub- 
lic streets, is entirely novel. Others may have entertained the vague 
idea that districts of dwellings could be supplied with steam for heating 
and power, but they never yet have invented the instruments or appli- 
ances by which it could be done. Without certain vital parts and com- 
binations, the system of Mr. Holly would be imaginary only. Through 
his skill and genius he has invented these indispensable links to a perfect 
working plan, and they are secured by letters patent. Without under- 
taking to detail or describe all of the various devices employed, we have 
briefly stated a few of the obstacles which are overcome by them. 

The popular belief is that steam cannot be carried a long distance 
effectively on account of its rapid 

CONDENSATION. 

But accurate experiments through a mile and a third of continuous 
small pipe, properly protected, show that the per cent, of loss is very 
small, and that this is, in fact, no hindrance whatever. The following 
table shows the size of districts that may be economically heated through 
the different sizes of pipe under this system : 



Size of PijKj in inches. 



Capacity per i6oo feet in 
lbs. of coal per hour. 



3 
6 



Distance in feet from boiler 
that steam can l>e econom- 
I ically funiishecL 



,... 



66 : i,ooo 



400 
2,400 



3,000 
9,000 



12 14.^00 I 18,000 



Condensation in a six inch pipe is double that of a three inch pipe, 
but it will deliver six times as much steam. 

STEAM TRAP. 

The hot water, with a portion of steam from the radiators, passes to 
the trap in the basement, (seep/ate A^o. SJ where it is separated, and 




Plate No. 8. 
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is circulated through coils of pipe within a brick inclosure. Through 
this box, air is passed from the outside of the building, and through a 
register, usually in the floor of the hall above. This extracts all the 
heat from the water, and produces adequate ventilation, and a delight- 
ful summer-like atmosphere. The water from the coil is discharged into 
a tank, and the overflow goes to the sewer. The water thus stored is 
very desirable for all household purposes, it being chemically pure, and 
is raised to the Accumulator above, as heretofore described. 

A STEAM METER 

has l>een invented by Mr. Holly, (see plate No, (),) which records accu- 
rately the amount of steam used by each consumer. The record is 
made by a pencil on a ribbon of paper which is moved by clock work. 
The pencil denotes the quantity of steam used, and the time of day at 
which each radiator in the house was put on or taken off. Thus each 
consumer pays for what he uses, and for no more. In this way, equit- 
able dealing is maintained between the company and its consumers. 

CONVENIENCE, NEATNESS, HEALTH. 

The expense of gas is several times that of kerosene, yet it is exten- 
sively used in preference, because always at hand, safer and better. 
Since steam can be supplied in the same way, by simply opening a 
valve, and at no increase of expense, why should it not come into gen- 
eral use ? There will be no storage of coal or removal of ashes. The 
dust which gives the careful housekeeper so much annoyance by settling 
upon carpets and furniture and the decorations of walls and ceilings, is 
banished, and much labor saved and damage prevented. 

This dust, together with more or less gas escaping and being breathed 
by those who are necessarily confined much of the time within doors, 
is the cause of many throat difficulties and headaches, to which some 
persons are subject during the- winter season. Steam heat, in connec- 
tion with our indirect system of ventilation, proves in actual experience 
a perfect remedy for these difficulties in numerous cases. 

Why do people so frequently take cold at home, with no special expo- 
sure, and why is the current and ix)pular belief that " we take cold 
more readily in the house than in the open air," so often verified ? 
Simply in consequence of vitiated or impure air, from want of ventila- 
tion, and the escape of deleterious gases, dust, and the smoke from 
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Stoves and furnaces; and also from falling and frequently changing 
temperature. 

Uniformity of temperature, as well as a proper degree of heat and 
moisture, is essential to comfort and health, not only during the day, 
while the head and hands are at work, but as much during the hours of 
rest and sleep. It is a mistake that ** a cold sleeping-room is better 
than a comfortably warm room." While thorough ventilation is neces- 
sary in a sleeping apartment, it is not true, as is often claimed, that 
"there should be no artificial heat." But on the contrary, it is one of 
the most important of all health questions to secure a uniform and 
properly warmed atmosphere to sleep in. When the mind and body 
are at work, the system is much better fortified against the effects of 
change of temperature, the inhalation of noxious gases, etc; therefore 
we must see to it that our sleeping apartments, first of all, shall be sup- 
plied with pure, warm air. How to best accomplish this seems evident, 
since no other system of heating is absolutely free from dust, gas, and 
the sudden rising and falling of temperature. 

RADIATORS. 

This system admits of the use of all kinds of Radiators, both direct 
and indirect, and is a combination as already described, of the two 
methods of heating. We are using, with entire api)roval, the radiator 
made by the Walworth Manufacturing Company, of Boston. The size 
of" radiator, of course, should be proportioned to the amount of space 
to be warmed, in the ditYerent rooms of the building, and to their expo- 
sure. As, when live steam is delivered to a building, no matter where 
made, perfect service is merely a question of fixtures. 

ATMOSPHERIC RADIATORS. 

Mr. Holly's new radiator (see plates lo ami ii^ is so named for the 
reason that the pressure is always the same as the pressure of the 
atmosphere. It is made of thin sheet copixT, galvanized iron, or other 
durable sheet metals. Upright tubes, three or four inches in diameter, 
are connected with a horizontal cap and base of the same or a different 
material, with openings in the base to allow the air to pass freely in and 
out. Thus a little steam brought into the cap will occupy the upper 
portions of all the tubes, and the inlet valve will be set according to 
the amount of heat desired in the room. Steam being lighter than air 
can be made to occupy any part or the whole of the radiator, and in 
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no case can there be more than atmospheric pressure. The adjustment 
of the inlet valve for any given amount of heat can be depended up- 
on, inasmuch as the pressure of steam in the building is kept uniform 
by the regulator before described. Thus it will be seen that the tem- 
peratiu-e of the room may be raised one degree or eighty degrees, as 
required, and maintained until the inlet valve is again changed. 

Advantages of the Atmospheric Radiator : First — It can be made 
and put up for about half the cost of other radiators. 

Second — The same surface will give off more heat than a heavy cast 
iron or wrought iron radiator. 

Third — A very small portion or a large portion of its surface may be 
made hot, while the remainder will be cold ; and the water of conden- 
sation will give off all its heat and go directly to the tank in the cellar, 
at a low temperature. There being no valve or back pressure in the 
return pipe, no water can ever accumulate in the radiator. 

There being no pressure in the outlet pipe after the steam has passed 
the valve, no water can escape to soil the carpet. No air valves are 
required. 

Fourth — Condensation in the pipes in the basement and about the 
building is reduced to about one-third of the amount due to the old 
system, for the reason that a one-fourth inch steam pipe will supply 
radiators to warm 6000 cubic feet of space, while it requires a three- 
fourths inch pipe to warm 3000 cubic feet by the ordinary method. 
The return pipe being cold, there is no condensation, consequently no 
covering is required. As no trap is necessary in connection with this 
radiator, it will be very desirable in many places, such as shops and 
offices, and in houses where there is no basement. 

ECONOMY OF THE SYSTEM. 

The tests made during the winter establish this beyond question, viz : 
That the same amount of heat can be supplied at a good profit for 
what the coal and wood bills of consumers would be for stoves and 
furnaces, and the quality infinitely superior. And at the same time the 
loss on stoves, stove-pipes and furnaces by deterioration is saved. Any 
one, by a little reflection and examination in a general way, will under- 
stand the saving effected, inasmuch as it is well understood that, as a 
rule, the coal bill is about half of the total expense of an apparatus — 
estimating the ordinary depreciation and repairs upon fixtures, the cost 



J 
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of Stoking, removing of ashes, etc. It is admitted that, by other sys- 
tems, sixty per cent, of the heat goes up the smoke pipe. Under this 
system this waste is practically stopped, the loss being confined to a 
single stack at the boilers, which may serve to supply steam for several 
hundreds or thousands of buildings, while the care and labor of a sin- 
gle boiler establishment is substituted for as many separate establish- 
ments as may have connection with the works. By the use of cheap 
fuel, coal dust, or slack under the boilers, with a blower, it is at once 
seen that a further large saving may be effected. 

It is expected that the Holly system of heating will be very exten- 
sively adopted within a short time, as stock companies are forming for 
the purpose in the Dominion of Canada, and in various citiesip this 
and other States. 

We are able to give other valuable information to those who would like 
to take an interest in this new and promising invention, and we invite 
all interested parties who can, to visit us during the present spring, and 
witness the work we are accomplishing. While the public have a gen- 
eral interest in the success of this new enterprise, it can be shown 
beyond a doubt that it also opens an extensive and remunerative field 
for the investment of some of the surplus capital of the country. 

From the incredulous and criticising, we ask the closest examination, 
while we invite the co-operation of those who desire to become directly 
interested in a business point of view. 



TESTIMONIALS. 
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LocKPORT, N. Y., March 23, 1878. 
To whom it may concern. 

The Holly Steam Heating Company are now, and have been for months past, heat- 
ing many private dwellmgs in this city, with, I believe, perfect satisfaction to their 
customers. They are also heating one of our largest public school buildings, and 
members of the Board of Education inform me that it is better heated than any other 
of the public buildings. 

There are other features of this system besides the heating of buildings, to which 
it may be well to call your attention. At a very slight expense, comparatively, the 
fire hydrants of a city can be kept from freezing. The heavy steam engines now in 
use for fire purposes can be replaced by engines without boilers and furnaces, which 
may take steam from the street pipes at the hydrants, and being so much lighter, will 
certainly add to the usefulness of the fire department, and reduce materially the 
expense of its maintenance. Taken as a whole, I consider the invention one of the 
most valuable of the age, and rejoice that our city is provided with it 

H. D. McNEIL, Mayor, 



LocKPORT, N. Y., March 2$, 1878. 
To whom it may concern. 

The system of conveying steam in pipes laid below the surface of the streets in 
this city, for heating and motive power, introduced by the "Holly Steam Combina- 
tion Company " during the past year, has been under my observation^while in con- 
struction and subsequent use, up to the present time. 

So far no serious inconvenience to the public in the use of the streets has been 
occasioned while in process of construction. And since completion I am satisfied no 
damage or injury can result any more than would be the case with gas or water 
pipes. 

As far as I am informed, all users of the steam are entirely satisfied, and their 
expectations more than realized, in the abundant supply of heat, with the perfect 
control of the same, as well as with the amount it costs. 

S. F. GOODING, City Surveyor, 

LocKPORT, N. Y., March 25, 1878. 
To whom it may concern. 

I hereby state, for the encouragement of citizens, companies and corporations who 
contemplate adopting the heating system of the Holly Steam Combination Co. , of 
Lockport, that the manner of laying street mains by this company does not materi- 
ally interfere with the affairs of a public street, and when the work is completed the 

streets are in their former good condition. 

JOHN W. BEEK, Supt, of Streets, 
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Surveyor's Office, Lockport, N. Y., March 25, 1878. 
I regard the manner of laying street mains and laterals adopted by the HoUy Steam 
Combination Company, of IxKkport, of advantage db the streets in which they are 
laid, for the reason of their drainage. All pipes are laid on a grade over drain tile, 
and with frequent connections with the sewer, — thus securing a dry condition of the 
earth at all times. JULIUS FRPLHSEE, C. K and Surveyor. 

Lockport, N. Y., March 25, 1878. 
To whorn it may coptcern. 

My dwelling house, No. 119 Genesee street, in this city, has been heated the past 

Winter by steam, furnished by the Holly Steam Combination Company, of Lockport, 

through their system of street mains. The heat thus furnished is very pleasant, and 

I consider this system a perfect success. A. HOLMES, Ex-County Judge. 



Lockport, N. Y., March 26, 1878. 
To whom it may concern. 

I hereby state that I have had power from the Holly Steam Company's street 

mains for rimning my engine, with which I run a 28 inch buzz saw, and an axe for 

working cord wood into stove wood, and at all times have ample power for the work. 

DANIEL K. HUMPHREY, IjKust St. Wood Yard. 



Lockport, N. Y., March 25, 1878. 
To whom it may concern. 

I take pleasure in stating that the Holly Steam Combination Ca has supplied 
steam for my lo-horse power engine, and for heating my entire building during the 
past winter. The power is prompt and efficient, which demonstrates beyond a ques- 
tion the success of the system. I prize the system very highly, on account of its 
safety from fire. My bakery and residence arc nearly half a mile from the boiler- 
house. JOHN NOBLE, 69 Market Street 



Lockport, N. Y., March 26, 1878. 
To all parties interested. 

Having used steam to heat my residence, comer of Walnut and Pine streets, dur- 
ing the past Winter, delivered by the Holly Steam Combination Company, through 
its system of street mains, I take pleasure in saying that the service has been per- 
formed in the most satisfactory manner. 

The same Company, in addition to heating a large number of private residences, 
and running two engines, one of them half a mile away from the boiler-house, are 
also heating one of the largest public school buildings of the city. 

In my official capacity, I have given the subject critical attention, and can but say 
that this building has been more perfectly warmed and ventilated than ever before: 

On the score of comfort, health, convenience, and economy, I regard Mr. Holly's 
System, as in practice here, superior to all other plans or contrivances for heating 
residences and other buildings in cities and villages. 

JAMES JACKSON, Jr., President Board of Educatkm. 
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LocKPORT, N. Y., March 25, 1878. 
Fif wktfm it may concern. 

We, the undersigned, patrons of the Holly Steam Combination Co. of I^ockport, 

ike pleasure in stating that our several residences have been thoroughly and pleas* 

ntly wanned dining the past winter, by the system of under-ground steam mains 

nd laterals invented by Birdsill Holly, and that for reasons of cleanliness, uniformity 

f temperature, thereby securing health and comfort, and also for convenience and 

conomy ; we recommend this heating system to all who can avail themselves of 

s use. 

O. C WRIGHT, 26 Cottage St 

CJEO. H. ELLIOTT, 182 Genesee Street 

JAMES JACKSON, Jr., cor. Pine and Wahiut St». 

E. SIMMONS, 146 Walnut Street 

E. JAKE WAV, 34 Chestnut Street 

M. H. WEBBER, 141 Pine Street 

S. S. DICKERSON, 148 Cottage Street 

N. O. ALLEN, cor Cottage and Walnut Streets. 

B. D. HALL, 188 Genesee Street 

W. E. McCOMB, 135 Pine Street 

D. J. CLAPSATTLE, 253 Genesee Street 
M. D. CLAPSATTLE, 243 Genesee Stret 
J. OSGOOD, 91 Cottage Street 

SAM»L ROGERS, 28 Walnut Street 
W^M. H. HURD, 1 1 1 Cottage Street 
B. F. GASKILL, Genesee Street 
W^M. J. BLACKLEV, 126 W^alnut Street 

E. W^ SCOTT, 50 Pine Street 

L. F. BOWMEN, cor. Genesee and Cottage Sts., 
(;. W. BOWEN. 185 Pine St 
A. K. POTTER, High St. 
MRS. M. TUFT, 99 Cottage St 
LEONARD EVERETT, 121 Cottage St 

E. P. HOLLV, 8 Waterman St 

F. L. WRIGHT, Cor. Locust and Walnut Sts. 
FRANK W. BALLOU, 177 Pine St 

WM. W. TREVOR, Walnut St 

BIRDSILL HOLLY, 3 Chestnut St 

MRS. C. HOLM?:S, 115 Genesee St 

MRS. A. M. GLASS, 268 Genesee St 

JACOB KIFF, 26 South St 

S. D. HOOPER, 129 Walnut St 

P. B. AlKIN, 91 locust St 

S. R. DANIELS, N. Y. C. Elevator Building. 

D. F. BISHOP, 252 Genesee St 
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The foregoing brief testimonials have been kindly furnished us b] 
persons using steam supplied through our street mains, and we woul( 
refer to them with becoming pride as among our most honored citizens 
who had the faith and the enterprise last September and October u 
risk the requisite amount of money in placing steam fixtures in thei 
residences, and perhaps more than this, their reputation for sagacity, t< 
assist us in proving by demonstration the grand scheme of our heatinj 
system. 

We thank them for these expressions of confidence and regard, be 
lieving that they are also thankful for the first luxury of this new sys 
tem of heat. 

We are particularly gratified that ez'^ry one of our consumers ha 
been pleased to place himself on record here, and we most respectfuU] 
refer interested people to any one of the above named persons. 

Respectfully, 

D. F. Bishop, President 
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REPORT 
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DkPAKTMEXT of TIIK Intkkioij, 

U. 8. Gkocjhapihcal and Gkouxjical Sikyky 

OF TIIK KocKV MouxTAix Kk(;iox, 

[J. W. POWKIJ., IX CHARGE,] 

Watfhinfjtonj T), ('., Xovembcr 1, 1878. 

Sir : I h«vo t\w honor to ackiiowlcdj^c tlic receipt of your coiiiiuuiiicutiou of Octo- 
Imt 3. as followH : 

^'DkI'AUTMKXT OF THK IXTERIOK, 

•• jrafthiHfjtoii, OctohirW, 1878. 
"Maj. J. W. Powell, 

** Geolwjint in charge of thr U. S, Geotfraphical 

**and Geological JSurvcy of the Rocky Monniain Region : 

** Sir: I tranBinit herewith a copy of a letter from Prof. O. C. Marsh, a<'tiii^ president 
of tbe National Academy of Science.s, relative to that ])rovision of tlie act making 
•ppropriatiou for 8undr}' civil ex])en8e8 of the j;jovennnent for the year ending June JW, 
ln79, which requires the acailemy to take into eouHideration cei*tain matters relating to 
the surveys of a scientific character under the War or the Interior Department, ami 
the i*nrvey8 of the Land Office. 

** I will tliauk von to furnish to this department a report u]nm the subject of said 
letter, ^vingsuch information as yon-may think will be of value to the connnittee of 
the a<*a(iemy. 

** Vcr>' respectfallv, 

*'C. SCHURZ. 

^' ASecretary." 

And alno the letter fivm Pn»f. O. C Marsh, transmitted with the above, as follows : 

*' Yale College, New Havex, Coxx., 

*• ^'ptcmbcr 28, 1878. 
^*To the Hon. Secketary of the Ixteuior: 

•*8ir: R«*ferring to *An act making appropriation for sundry civil exi)enHe8,' &c. 
/H- K. SlS'Of Forty-fifth Congr«*ss, s<'eon<l session, rehitive to the consideration by the 
Actional Academy of Sciences, of *all surveys of a seientitic character under the War 
OT Interior Department and the surveys of the Land Oftiee,' I have the honor to say 
that ft rommittee of the academy has been appointed and is now reatly to consider the 
■uhlect. 

**I respectfully ask, then»fore, that a comniunicatitui may be addressed to me from 
yonr office conveying aiiy information in regaixl to the plans and wislu's of your de- 
partment as to the above surveys you may think projier to lay before the aejwlemy. 

'* Tlie next meeting of the aca<leniy will begin November r», 1878, and an early rei>ly, 
therefon*. is desirable. 

** Verv resiwctfnllv, vour obedient servant, 

' " ^'O. C. MARSH, 

** Acting PrcHidcnt of the Xational Academy of Scivnccn.'' 

The letter was fi»rwarded from my ottice and reached me in I 'tab, where I was en- 

ga^t^l in fiehl Avork, on the 14th of October. I immediately returned to Washington 
>r tlie purjMXse of nuiking reply. 

The claose of the appropriation bill, referred to in the letter of Professor Marsh, is 
mn follows : 

"And the National Academyof Sciences is hereby re<|uired, at their next meeting, to 
take into consideration the methods and exp<»ns<'s of (conducting all surveys of a scien- 
tific character under the War or Interior Departm«Mit, and the surveys of the Land 
Office, and to report to Congress, as soon thereaft<'r as may be i)racticable, a idan for 
surveying and mapping the Ten-itories of the United States on such general system 



as will, in tlioir judj^nent, w^eiiro the IwHt reaiiltH at tlio lt'rt.st pofwiblo cost, and alno 
to rocoiiimeiHl to Coiifp^'sB a Huitable plan for the publication and distribution of the 
reports, maps, and documcntH, and otJier results of sai<l surveys." 

In reply to the above request, I beg leave to make the following statement : 

The metho<ls of conducting the surveys carrie<l on under my direction, and the 
expense thereof, are 8i»t fortli in the accompanying documents, markinl A and B, 
as succinctly as I am able to ])n»sent them. 1 beg leave, then'fore, to n»fer the com- 
mittee to the same, as my answer to the tirst iiait of the inquiry. Should the com- 
mittee, however, desire a more elaborate and detailed rejily, I shall be pleased to fiir- 
nitth it ; or should it be deemed wise to ask H])ecitic (luestious relating to any p<»rtion 
of the work under my <lirection, I shall consider it an honor to re]dy as thoroughly ami 
explicitly as I am able. I should consider it a i)rivilege to ex])lain to the committee, 
Avith the fullest detail, the mrth<Mls of rewardi pursued in my work, and should lie 
pleaseil to lay bef<»r«' its members for examination the system enqdoyed in the geograph- 
ical work, with instruments, systematic reconls, tield sketches, Ac, embracing the 
methods of measuring base lines, extending the triangnlation therefrom, determina- 
tion of altitudes, sketching the tojwgrapliy, construction of charts, &.c., and the 
geological methods of resi-arch, embraeing the succ«*ssion and geographical distribn- 
titm of the sedimentary groups, the charaeter and distribution of the crystalline schists, 
the characteristics, classification, and distribution of the extra vasated rocks, the 
methmls of research aiul n* present at ion ein]>loy«»d in the study of stnu-tural ge<»l(»gy, 
&C. ; and also the res4'arches in North American ethnology, embracing linguistics, 
sociology, mythology, arts, &c., together with the geograidm-al distribution of the 
tribes; and, finally, the limited studies madt^ in natural history. The gnviter part of 
the work is yet uu])ublished, and for a i)roiHT undei*standing of what has been done 
it would be ne<*essary to thoroughly examine the materials in my ottice. 

In relaton to the next part of the intpiiry, i. e., as to **a jdan ft)r surveying and 
mapping the Territories of tht^ Tnited States on such general system as will * ♦ ♦ 
secure the best results at the least possible cost," I bfg to submit the following sug- 
gestions: 

For the past ten or twelve years different parties have been engaged in this work, 
pursuing diverse methods and ]n'odu<'ing divei-st* ivsnlts. Four distinct autonomous 
geograidiical and gecdogieal surveys have been canned on simultaneously. In my 
answer to the resolution of imiuiry from the House of Kei»r«*s«'ntatives, mmle on lao---^ 
tion of the Hon. J. D. C. Atkins, rhainuan of the Comniitt^'e on Ap]»ropriations, relat— > 
ing to the same subject, I made certain statements in my tinal remarks to which ""^ 
beg to call attention. ( Vide aceom])anying document marked IJ, being House of Ke|^;^ 
ri's<»ntatives Ex. Doc.,8<>, F<n*ty-tifth Congress, second s**ssion.) 

The closing paragraph is as follows: 

**Inviewof all tln*se fa<-ts, it is manifest that the work should be unitied an<^ 
common system adopted. This nuiy be aceom]dishe<l either by act of Congn^ss, "fc. . 
executive dii*eetion, or by ]>la<'ing the work under one management." 

I am still of the o]>inion that the unification which I advocated at that time wf>i."»^: 
be wist*; and desire t^» ]»resent additional reastnis for the opinion then expn*ssed. 

I. The geograjihical work should b«* bas«Ml on a transcontinental triangnlation c't'H'^ 
com]>rehensive plan, and <*an'ied on with i>ro])er retineinent. With the work divi«X*' 
as it has been f«»r tin-! i>ast ten years this is ]iraetically inii>o8sible. No one orgaiii ^' 
tion with its small appropriation can make the neei'ssary outlay of money fer "t"-!! 
work without swallowing uji the wlnde or greater jiart of its funds, and thus it wc»mml 
be ]»revcnted from doing other work. All of the scientilic surveys which have "t^*"*^; 
carried on tor the ])ast ten years aiv ]iractically "in the air,** lie cause tliia fuxi*l* 
mental condition of accuracy has been neghM*te<l. 

II. For the hyiisonietric work transcontinental lines of levels should l>e establiHli^Hi 
to which all the baK(> stations in the tield should be rehitedby coimecting lines. With 
the multii)licity t»f surveys and the sunill a]>]>n>priations for eaeh, it is im]K»ssibl^ "^o 
have this work done, as it is impossible to have the transetnitinental triangiilftt-ion 
made. 

III. All that poriion of hypsometric work whi<h is done by means of the bftTOiii€^*<T 
i/» to a greater or less extent macenrate, from the faet that the barometric consta''** 
for North Anu'riea have not been i>ropfrIy determined. The tables now in n8e_ ^^ 
based on observations made at Saint Bernard and (ieneva under climate conditi^'** 
widely differing from those that obtain in this country. ( Vide Williamscm "On the l^f* 
of the IJarometer," \k *2*20, rt neq.: Pettie and Whitney, *'C(»ntributions to Barometric 
Hypsometry." in Kep<ut of the (leologijul Survey of California, and Lient. Wm- J** 
Marshall, **Mete<u-ology and Hyi>sonietry," Ai)i)endix (i 1, ]). 370 ofKenort of the Cjj**^ 
<if Kngint'crs, IH7r)-77, vol. 11, part 3, and "Kisults in Harometric ll>*p80metry»'' JJ* 
515 of Ke]iort of the I'nited States Geographical and Cieological Snrv»\vs West of *^ 
lOUth Meri<iian, vol. II. A large amount of material on this subject haslicen colle^^^** 
by the surv<'y under the direction of the writ<'r, but ivnuiins unpublished.) . 

Series o/ (»bservations must be nuMle at suitable longitudes, latitudes, and »^"' 
tudes within the t-«»rritory to be surveyed, and from tin; data thus collected the tJO^'** 



must be propansl. An each Hiin'^y itt tinanciully weak, and has Init an unocituiii 
tenure of eziBtonce, it is practically iiup(»88ible to have these ol>m^rvatiuiLs luado. 

The economic iniportaiice of kyiMoiiictric work m very gn*at b«rcaiuM.' of its rt^IatioQ 
to the agricnHoral indiutrieM of the country. In more than four-tenthH of tlic United 
SlatM agriculture is de|R^ndent upon irripition, and in all of tluH region the hyp»o- 
urtric relations or relative IcvcIa of the land to ac^jacent 8tn>anLs l)y whirrli thoy are 
to be fertilized must In) dctenniued. In all that vartt ar«*A not a 8in;i;:1e fan n can be 
enltiTatod or a tut4^ for an a^n^cnltural ticld selected without iirnt detennining by lev- 
eling the practicability of reaching it with wat>oj*. While the government will not 
he expected to run Huch of levels for indL\idual fanners, yi't in the nelection of lands 
to be MirveyfMl and Hold these faets cannot be neglected. 

The h>'pi»ouietric nietlKHls now in use by the several surveys are entirely inadequate 
to meet these practical demands. 

IV. The area !o l>e mapiKid is very great. The exjiense of cartography is an ini- 
portMit part of the total exm^nsi* of the work. Kach ])arty being desirous of exhibit- 
ing the gn-atest n*»n]ts for the ap]»r(»priations luade, haM endeavored to curtail the ex- 
ptrn;ie of cartography as far as possible. F(»r this reason the nLa])s have been repro- 
duced hy cheap methods to sitvc temporary ]»urposes, and the future needs of tht» 
cwintrj'have been ignon'd. To souu* ext^Mit, especially by Clareuce King and by my- 
self, the subject of cartography has been investigated and cxiM*riments made fi»r the 
puipuHeof detennining methcMls best adapted totlio wantsol'thc country, considering 
theumguitude of the* Wf>rk and the facts to be rejuewnted. lint l»e<'aus4* <'ach survey 
has tteen financially weak thes4> ex])crimeuts have not been carried to the extent 
which the imjiortanee of the subject deuian(l>. ami we are thus ado])tiug <'artographic 
methtNls im]M*rfect and ephemeral. 

Aitystemof cartography should be use<l that will best reju-esent the <*liaracteristics 
of the to]H»graphy and convey the giva test amount of prm'tical iFiformatiou. liudted 
<»uly by considenitions of cost. The map> tliux cnusirncted sliould be ])laced ujiou 
luaterials that are enduring, as all tlu» natural tojHigrajdiic fratures are tliemscOves 
*n(lnring, so that thereafter the ])lates could be u>e(l by the goviiiiuu'Ut to uu'ct all 
^u\U that nuiy arise from time to tiuie. 

rinally the ]»n»s«*ention of the work by a uniubi-r of autonoiuous itrgaiii/atitum is 

dlovifjil, unHcieiititic, an<l in violation of the fuudameiital law of political economy, 

'lajiiely, the law of the division of labor. Tin' work siiouid )}v unili(*d or iutegrated 

■^\y placing it nnder one general uuniagemeut, and tiie division of Iai>or should have a 

*H'ieiitific basis; that is, it slioiiid be ditVerentiated so that there shall be a diviHiou 

"^r /jt-cigrsiidiieal work embracing all methods of mensuration in latitnth's, longi- 

^Hdiv and altitudes, aliMoIute and relative; and tin* repri'sintation of the results in 

''^■pprDpriate charts. There should be a department of gi.'ologv emb]-a<-iiig all purely 

f^'ifiitiiic subjei^ts ndating t<> geologii-al strnetun- and distribution, and practical sub- 

•J^-^trt relating to nuning and agricnltnral industries. If ethnology, botany, and 

^oology aiv to Im- embraceil in the general scicntitic survey, each subji-ct slionhl have 

'-^t a single organization, Avith a single head subordinated to the general ]dan. In 

**'ttch a way onlv can a proper integrated and <litferentiated organi/ation be made. The 

I>mNent multiplication of organi/.ati<ins for all of these ]iurposes is unscientiiie, ex- 

^^ewdvely exjwnsive, and altogether vi<ious; ])reventing comjueliensive, thorough. 

^■^d honest n-wandi, stimulating unhealthy rivalry, and heading to the luofluction of 

^^^iwational and bricHy popular rather than solid and enduring results. 

By the a<rt of (-oiign'ss the National Academy of Scieiu'es is instructed to consider 

'^liH) the surveys of the public lands. These surveys have been carried on for nearly a 

^-entury; primarily, for the purposeof y)<//vr/i«f/ the lands in such a manner that titles 

"^edertnite imrtions nmy be conveyed from tin* government to individuals: seconda- 

^ly, that the value and <*liaracteristi<'s of the lands may be determined. i>uring the 

"^iroe in which thes<.' surveys have been in luogress abi>nt l,i:W,U(.H> si|uarc miles havi* 

^Mjeii Hni*>-eyed. at a ctwt of a little more tlnin .vJ:{.(kh\(M)0, or at an averagt* lo.st of a 

^ittle more than ^2t) iM»r souare mile. In the prosecution of tln"se surveys an atteni]it 

liarilMMfU nmde to eHtablish the boundaries of legal subdi\ isions, ami nuips have bren 

*-'*Hi8tnict«»<l of eviTy township surNcved, representing with greater or le^s aciura<> 

"^he to]H>grapbie features of the same, and each surveyor was re(iuire<I to ni»ti- tin- 

*^l»raeter of the timber ami certain facts lelating to economic geology. For this work 

■surveyors have Ix-eu i»aid by (>outract for work dout*, instead ot" b> salary tor time em- 

l»l«»ywl. In ]>ursning this work tin* gi-ogiaphy and geology of the country has been 

Mttidi^il to Home extent, but not with sullicieut ae<ura<y ami thoroughnes.s tor scien- 

tiRi" or genenil <MMMiomi<' ])urpo.>es. The only substantial roult aciruing therefrom 

*^1nm«.u the parceling of the la mis by establishing boundaries, and even this h;is been 

iiDpfrfertly done by reason of certain faulty methods inherent in a systi-m ado]>l-4>d 

'*J|M'ly a century aj;o. Corners have been marked by ]danting ^\oodl■n stakes wln're 

'■^ wen» conveniently found, and in other regions, as the juairies, great plains, and 

™«l valleys of the ijockv Mountain region, thev have been marked bv sunill heaiiK 

** ^wth, which coiihl be easily raki'd togi-ther at the corners of subi1ivisi<uis. But 

^<HMlfn Htakes sfMUl tleiray and heaps ot earth are soon wasln-d away by storms, la 
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ivv ilistrirts tlio lines arc t'lirtlirr iiiarki'il l»y hla/.iii^ tin* tnM-.s adjaciMit tluTi'to. atitl 

plats inadr liv tin* siirv(>y(ii*s were sii])im)S4'41 tn hv additinnal iiicaiis of i<loiitityin^ 

iMMiiKlary-lliM's. To a lar«i<* «'\t»*iit. iiow«"v«T, these abided ,seeiiriti«'« liavti proved 

.vailin*;. Marki'd trees are soon «Iestn»yed, and as no tlioron;;li topo^ra]>1ii(> sys- 

i Avas adopted the eharts were praetii'ally vahieh'ss: h«*nee the surveys of The pnl»- 

hmds made for the pnrpose of pareellin;; the same ha\e heen of sueh a ehara<'ter 

it a heritat^e of liti;;ation rehitin^c to honndary -lines has heen hetpieathed to ]kis(- 

.'ity. ever inereasin;; with the enhanein;^ value of hnnN. For s<'ientitie purp«>s('8 th« 

o^raphie results exhihited tui tin* eharts maile hy the >urveyors have heen valueless 
»r the following; reasnns: 

Latitudes, longitudes, and altitudes have never hi-en ih-termined. The surveys have 
I'en pri»eeeded from a ninnher of initial points hy noilh and Miutli. and east anil west 
ines. The ;^eojjraphie eo-o]-dinate> of these initial points wen- ne\er determined, aud 
lo seientilie eheeks N\ ere made in extendiuj; the Iin«"^ therefrom. 

Th«' runnin«; of a strai^iht lim- is an enjrjm.i.nn^ fi.;it of the j;reatest ditlioulty. ami 
no ]>rop«>r ])r«'eautions wnr taKen to seeur*- exi-n approximately strai^L^ht lim-s. In \\m 
nnmner, as the surxeys ]u'oeeeded from the several initial points, until they met. it 
was found that no two s\ stems couiil he made ti» a;;;ree. and it heeanie neeessarv tc'^ 
mak(* eoniieetions hy irre«^ular tVaetional suhdiv ision^. thu>« entailin;; on the land sy^ — 
tern a IH'W set of ditlieultii's. And. linallN. in the topo;j;raphy and earto^xi'iip^'X ih»K**1'^ — 
eral svsteni was adoiited: tin- \>ork has hi«en ^riM-n nut hv eontraet to deputv survi-'vr - 
f>rs an<l even suhU't : thus a hM<xe nunihei' of ]M-i-sons have heen en<;a}'fd annually %^\ 
the work, eaeh i»ei-son adopting; a sssteni of his o\\ n, it iM'in;^ neeessiiry only to eikx^.x..^* 
ply with lertain j;;i'neral rej;>u]ations estahlished hy law. 

Latitu<l«>s. longitudes, altituihs, ami to]io>^i-a]iliie positions were neither estahlisL.^ « "-d 
ahsolntely nor relatively uith aeeurae,\. and the eartojL* rapine n<etliiNls have lH>eii f^\ 

diveixe ami ini]M'rt'eet that no ^en«'ral maps of value ean he eonstrneteil from the a~ s ^ r^t 
iiundier of t(»wnslii]> mapsim tile in the Land <)ihe<'. Tor t'urther infornnition mi tr 1 m is 
suhjeet I refer to a little volume ]iuhlished hy the Land ( Mliee. entitU'd ^'Iiisinieti « *» lis 
to Surveyors-Cieneral." and the •• Kepurt <»f the lion. S. S. Ihinh*tt. (.'onnnissioner of -«■ "In* 
(Jeneral i^and Otliee. fiU'the liseal year endinjLT •hiue ',VK l*^7.V'and also to the •• Ki*] •»« •it 
of the Hon. .L A. Williamsiui, Ciuumissioner of the (h'neral Laml ( >niee. tor the fi!— >>« ~al 
year ending; .hni«' l{(i, 1K77," <'o]»ies of \\liieh are transmitted herew ith. and iu wl s. m «'li 
the statements ]>eriinent to the suhjeets in hand are mark<'d. 

Tin* system of land hurveys as ori}j:inalI> adopted was, in many r«»si)eets, wis<*, 1 » nt 
it was never faithfully exeented. from the l.ii-l that after its lii*st iiu'eptimi it iitrver H m aid 
pnijier seientitie supervision. From an ejily date, instead of havin;; a siu^k* liea«1. it 
Inis a multiplieity of heads; that is. there has hi-en a ninuher of surveynrs->;eiu*ral O '^t 
presi'Ut th«'r«' are sixteen) wmkin;; inde]»en<lently of e:nh other, aufl ]mietieally an T « »ii- 
onunis. These surveyoi's-y:eneral do not «lir«'etly eonduit tin- surxeys, luit an* law < • *1i- 
ei'i's. intenui'diate hetween the (ieiieral Land Otliee and tin* de}uity snrv«'ytii">* \vh« » *h> 
the work, ami lienee are not ehosen as experts, for their seientilie t|UaIitirations, 1.» nt 
are seleeteil tor their le;;:i| .'HMiuirements and administratixe talents. Fortius ivas« vx-B it 
Ini'* hii]ipemMl that the system t>f surxeys has ni»t kept ]ku'*' xvith modi'iii seieuee. sa "'d 
ha** s<'areely heen imju'oved duriui; tin' time (the ;ireat«"r part of a eentury) in wli ■ *"'i 
it has heen in operation. It has failfd to un'et the eetmomie and seientitie wants oi~ t: 1«* 
count ry from tin- taet that it has larked inte]li;;ent supervision on the on«r hand, fiv^d. 
on the other, that it ha«< ln-en i arrii'tl mit hv a uieat numher of deputv survivors \vli< *'*<' 
pt-rstuia] interests xvere iippiisrd to ai-ruratt> ami seii*ntille xxoik. as they iierfonned f i*" '"* 
lahors under eontiaet. A list ot'the initial points from xvhieh surxeys haxe heen iii« ■■'I*' 
will he lound in the aei ompanx iui: diMument. markiMl ■'*('." 

Thi're yet remains to he surveyi-il an ana of ahout l.Tt'l.tHKt sipnire nnh-s, exeln?*> '*'* 
of Alaska, and it is of paramount inii>oi-tanee that tin' surxeys of the puhli** lands r-I i •''' 
hen-after he eondueted in sueh a manner as to avoid the evils alM»x«* refeiTiMl to. 

There are on tile in theiieneral LandOdiee more than :tr).(MH) manuseript maps. «'1:i''- 
iU'ately <onstrueted on a siah* of txvo miles to tlM» ineh. and represi'ntiii;! the ti»i*'*- 
^rraidiie fi-atin-es ot" nion- than L<MMi,iMM»sr|uare miles of territiuy. Aeeonijianyin;; tli«'»* 
ma]»s is an eipnil numhi-r of manuseript reports relatin^rto tln" ;xeo|oj;ieal and pliy:^ **'«*' 
eharaeteristies of th«' anas surxeyed. the xvlioh- eostin^ tin* vi«»v<'rnm»'nt nnnv fli'iii 
S'>:l,iH'n.iiOo: :ind thi-y are uU of imperfeet value in the pamlin;;: of the lands, of UttU' 
or no value in the ennsidcrat ion of eeonomie <|uestions relating; to the ]»uldie Ihik'^S 
and ahs«»liitely xahn-h-NS tor >rientiti<- purp<Kses. 

This*- reioril«» of the Laml Utliee t'urnish a uiu^nitir illustration of thi» evils of hndlv- 
din-eted seientilie xvork. A lar;'e eorps of surx I'voi-s h;is he«-n enndov«Ml ftir n«*ariy a 
eenturv. I'en'sts. prairies, idain**, and mmintains haxe hei-n travei-sed in many dinr- 
tions: millions i>f miles havi* hei'ii run xvith eompass and eliain: ehait after rliftrt iiii" 
heen e<uistrueled xxitli ;;reat lahor : fulio on t'olio has heen plaei'd aumnjjf the iinti^'Wi 
archives, «'ontaiiiin;X fjicls ineoherent and xvorthless: and the n-eonl has iMt-u iiwwjf 
that In-n? an^tni-s, then- swamps, and yondi*r j^lades: that the lands snrv«'yed an' l»'y«'l. 
hilly, or mlliii^; that" sandstom's are found here, linitstiun's thei-e. or ;;nniit«' n*)- 
whew' «iid ao the* ivcnnU of ns<dess faets have Imm-u piled up fnmi yi'ar to yojir mihl 



th«-y Arc biiTio4l in tlirir own ]i):imr. That nil of tliin labor aiul (*\immis(> has Ixm'Ii lost to 
»i-ieni'e, may wt*Il cliuUen^u the attiMitinn of the Ifarnrd iihmi of Aiiicvica; and when 
pmi^rly nntlcrHtoocl, they will not hi* hIow in dciuaiiiliii}^ a rfform. 

Itisdcareely u»*cei#»ar>' t4> imlicatf^ to a sricntitH; lioily a iiirthiNl l»y whirh flu-viocvilM 
canlte correcteil iu the futnrt^ Thnx* i» onr. and hut om*, adt'(|iiato and iiu-xpi'iisivc 
mi:rh(NL The initial |K)lntH hIiouUI 1h? conncrted by a trian;^ii1atiiiii with a systt-m of 
short base-lineH atrnrately nieaffnred, the latter having thrir latitudes, hui^itudt's. al- 
titiiile;*, and aziniutliH pmiterly detenuine<l, aiul from the ^eodetie ]>oi]its rstablished 
in tlii:»tri anovulation all the lim^s of the i»ar«-i>liu^ survi-vs sliould hi> clicrked. and the 
<Uttiui (N>intK in the ]iarceliu^Hnrveys Kliould he uiarkcil \> ith iuiperishahlr nionnui«'iits 
ofstoue or uietal. liy Hiieh a ]dau the boundary lines of ])iiri-els eonld bi> nrrunitcly 
aiHl ]it-nunnently fixed and easily ideutitied. Tin* eorn«*r-iMists would not hr iniiut'di- 
ati-ly destroyed by natural a^eufii-s, anil if lost by aiM-iilriii lU- i-i'Uio\ed l»> di"*i;rn, they 
timid he eaisily and aeennitely rejdaeed, nml the ^^llol^' basis of thr sysUiu, in its '^vo- 
<li-ric |Miint8 and triangles, would remain while hills and nionnrains >t:indand t lit- stars 
■«iiiiir. In this nuinner a iniiiier parerlin;; of tin' jmblie lands would b<- mad**, and at 
tLrsiiae tinur all other m-ientilie ]un']ios4's of a surxey won hi be subscrvrd. 

It is ((uire unnecessaiT tore]>ri'sent to a hnrncd bod,\ tlir iniportanrc i»f a «;4>(mI tri;r- 

'•iMiiiu'tric snrv<*y for seieiitilie ]Mn"iioH'>. It is rather of its utilitarian pnrjJOMs that I 

^^oiild lien^ sp«*ak, au«l «'h)ieeiall\ of its im|»(M-tanri' Xo our systmi i»f surM-vs nf the 

|»i|lili(- land^. Ni»t tuily would the US4' of a ])rimary trianunlation as the basis of land- 

^tirwying ivniedy the ])rinei|»al defects of that system, but it would hi* a nu ans of 

Ji^r^Ht eeononiy in the linal cost, ami wouhl ha\e the immt'usi* adxantnp' ot' rfudt-rint;; 

^ajiii'h of thor«e HurvevH both iinn<*(«'ssarv and in«>Ntusable. and would distrihuTc the 

*~ *M over the eoniin^ years iu a maniu'r it-ast burdmsoiuc u]ion tin- nvi-nuf. 

The relatively nniall ]iro|iortion of the land remaining in tin* )Hissrssii»u nf the ^ov- 

*'*njiiii'nt whieh Ih MKeluI for industrial purposis has bad, in the last few yeais, the 

•'-"hl'rt of liK-atin^ tlie ineomiu;r ]>o]nila1ion of the far Wist upon srattereil districts 

'^"^liiTi.' water can be lound. and thest* s«'ttlements an* separated from ♦•arli other by 

^ AiiuiitainM or by broad expauM's of barren plains \xhieh. tor unniy yejirs to eome, will 

'K :ifit be Mdtl nor turned to any «M'onomie nse ex<M'j»t iu vi-ry rare instances. And \et 

^a MirvfV irt as es.^rntial to the title of the homesteader of Wyoniinji and Idaho as to 

^ he old Hft tiers of Ohio and Illinois. Tn make that snrseN hv present uu'tlMHis. and 

*■. u roufonuity v^itli existing statut«'s. it is necessaiy to run lines Imm standard m«'ridi- 

-^Aimnnil parallels or fn»iu established township eiuners. and these lines must be ** marked 

■= ttiid measured '* iM-fon* the contractor <*an receise his payment, (.'(unu'ciious of isidateil 

«-iistrirtH must thus 1m' nuide through a s»'ries <d' township corners. The futility <d' 

* aiarkiuji^ Hiieh corners wlu'rever they may chance to tall in the mi>untains and <h'serts, 

"* >y ^uch jM'rishable d«'vi<'es as are authorized bylaw, needs mt rennirk. Tin' iuaceu- 

K*iu'V uf such measurements iu a dit1i<'iilt countrv is a consequ«>nc<' enuallv obvious. 

^^1^^—- ill* 

-f lif wlade system is one which from the peculiar charaeti-r ijf thi' western re«;iou reu- 

« li'T» n(*<ressary a vi-ry lar^i; amount of snrveyinjj\>hieh si'rvisuonsi'ful purpose except 

"^ o nunu'Ct isolated districts and sin-li c(»nn<'clions <ire triun the natnre <»|' the cM«>e 

.^d*r4»!v»ly iiiju'ennite. To such a method the tri«xonoun'tric method stands iu the stmn;:- 

•-^"^tiKissible contrast. IJy a Judi«'ious selection of natural and conspicuous tj«-odriic 

•"-stations seat t«*n'd <ivi'r the land, all su]»erllnous surxevin^ mav be eiitirelv avoided. 

XIii- latitudes anil longitudes ot' suili stations bein;; ouci* di-termiiH'tl, they nniy l>e- 

« 'oiiic the datum-points or origins of local surveys of all districts which lii' in their 

'^ inaity. lint while a trl;jomunetr.e sur\«'y. if conducted with pro]ier accuracy, is in 

■ •111- S4-nKT an exis^nsive nndei-takiu'^. tln*re may be danger of o\ crest iniatinir itsrela- 

"* i\t- ciwt. It eould m>t Immuoii* i'xpeu'iive than the ]u'esent land survi-ys w hieh yield 

»**>n.b |KMir and ]»erishable resuHs. Ibit I'Vcn here it is well to renieuJier that a trian- 

Kiilatiiin, with a si'c<Midary and tertiaiy sNstiui of trian^j^les, need init be at tune cx- 

1 yiiilfdoviT thtM'utire <himiiiu, nore\cno\cr a very larj^i- pro])ortion of it. l'o]in!a- 

''I'^iiin the far West hasslmwn a tendency t<i clu^iter around a nnml.ier of localities nf 

'"••laiively MUUiU extent, A\ bile the «;reat«r jitirt ion of the ri-L;ion is unoccn)iied. The 

I'liinary points ouci* determined in a lew narrow helts. it will hr piaeti<-al»le to 

•*xi»;umI a n«'t of inferior trian<;les (»\ci- tlmse localities wlmli need Nui\e\s whilf tin 

'»arr«iMv antes may be left until a sni\c> i> netdi'd jnr them. It will al\\:i.\s lie prai- 

"•H'Jiblij ttMi'Uulate the extent of the 1 rianunlat iun. and l»i adapi it to wants as lh«\ 
ilri^M.. 

The threat est economy ot' this method wi»nhl ari^- t'roni iln' tact that it wonM dis- 

jH'iis^r with the nnneecs.sar> work of the pres«ut land Nnr\eys. liceallin'; line the 

***»'t that uu<h'r the ]u-esent metliod the woik is done hycnntract.il ol»\iHnsi\ incomes 

MhrjNTuuiary interest nf the deputy to snrviy as nmcli land as praciieabic ^unvith'd 

*t will yii'ld him a proiit. To a considerahle ixtiMit he has di^^creiion in the si-lcctioii 

"f tlu- district K which In* has 1f» survey, and beiii;; ^joverneil stdily by cnnsiiliiations 

•|t pittfit, naturally, and quite lawfully, M-lccts such lan<ls as can i»e surveyed at least 

•■'»t to hiuis4«lf without rej;;ard to their presi-nt or even probable occupation by ^'r- 

*!*'*>'. Many millions nf acres have thus bei'u jiarceled withont tht^ slightest neces- 

"*'*>. till* lands be in jr worthli'ss, atnlthe landmarks have Imm-u allowe«l to perish, and 
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all useful results bavo xierinlK^l with them. We have but to contraHt tliiH prodigral and 
wasteful method with the peiiuaDeiit and ever-useful results of a triangulation in 
order to recognize the imroeuse advantage of the latter. 

Throughout the Rocky Mountain re^on^ a ^ipreat {lortion of the vahies of the Trablie 
domain subsist in the mines of gold, silver, cinnabar, lead, &c. The surveys ot these 
mining lands are carried on by metho<ls even more poorly adapted to reasonable re- 
quirements than those of the agricultural lands. The tracts of nuneral lands con- 
taining ores of precious metals, titles to which are conveyed from the general govern- 
ment to individuals, are surveyed by methods ho inaccurate that the surveys themselves 
are of little value in identifying parcels, and in the courts the records of' such snrveys 
are of no value, parol evidence being necessarily substitutes! ; for in general the valnea 
of the mines exist within narrow horizontal limit-s and should resurvcys be made fol- 
lowing original records it would always be pn>bable that sites thus obtained wonld 
not coincide with the original one but wcuild be in part or in whole est-ablished on 
other grounds. Under the law the surveys of luinenvl claims are coiiiieeted either 
with tJie comer posts of the land surveys or with ** minenil luonnineniK/* and this con- 
nection is made by Unes run with couiimihs and chain, and it shoubl be remembered 
that the mines are in the mountains when^ the ns(* of thesi* instniiiicntH involves the 
greatest exfteuse and secures the least accuracy. To this primitive and almost barba- 
ric system of surveying the mineral lan<lH may be attributed a large part of the dis- 
astrous litigation in which the mines of the Rocky Mountain region are involved. 

I nt^d scarcely say to a scientific Innly that such snrveys are. so inaccurate as to be 
of no value whatever in deteniiining the ]>oHitioii of the claims themselves. It thus 
happens that when in a mineral district many claims have Ihhmi surveycMl, an attempt 
is made in the surveyor-gen eraKs office, or in the Gencntl Land Office in Washington, 
to plot a number of such claims on a comiuon chart, the several surveys are found to 
be inconsistent with each other, and overlap or fail to connect. The claims themselves 
should be plotte<l on jiro^wrly coiiHtnicted topogrH))liic chartH and Im» connected with 
each other by triangulation, and the whole connected with the general system of tri- 
angulation which must be carried (»ver the country. 

Kvery mineral district should have a thorough tojiograjdnc survey, and at conven- 
ient points throughout the district monuments should be erected and their absolute 
and relative |^»ositious determined by fixing their angular relations to each other and 
to the geodetic iK)iut'S of tlu^ general triangulation, and thus ev«»ry miner would have 
an accurate, simple, and inexjMMisive method by which the position of his claim could 
be fixed. But such proi)erly constructed charts necessary for the ideiitifieation of min- 
eral claims and the proper n'cordiiig of c«»nveyances would meet all other wants. 
It would bt» a sufficient guide to the engineer, for all general purposes, in the location 
of highways and hydraulic works, and a sutlicient ma]» f([»r all scientific ]uirposeB. If 
the work were pn»perly done in the first instance, ho as to be sufficient for all reason- 
able nMpiirementii, n<» duplication of the work would be necessary for any other pur- 
pose. 

In the administration of the Land Office, there an* iin]KU*tant facts that should here 
be considered. The iblhnving classes <»f* lands are reeognizt'd un<ler the laws : 

1. Agricultural lands or lands valuable for agriculture Avitluuit irrigation or drain- 
age. 

2. Swamp lands. 

3. Irrigable lands ; lands valuabh> for agricnltnrc only with irrigation and desig- 
nated in the law as "dewrt lan«lN." 

4. Timber lantbi. 

5. Live-oak and cedar lands. 

0. Mineral-vein lands, or lands containing veins or lodes of gold, cinnabar, copper, 
lead, &c. 

7. Placer lands, or lands containing jdacer mines of the precious metals. 

8. Coal lands. 

{llde Reviw'd Statutes of the United States, 1H7H, title :W, chap. «; title 32, chap. 
10, sees. 24r>H-24(58, inclusive; and title 32, chap. 11. sees. 2478-2490, inclusive. 

United State's Statutes at Large, vol. 19, chaj*. 107. 

Statutes of the Tnited States passed at the second session of the Forty-fifth Congress, 
cha]). 151.) 

An examination of the laws thus cited Avill show that the classes of lands mentioned 
above are therein reeogui/.<'d, and in the adniiuistratitui <»f the laws rtdating to these 
lands thoHcr belonging to each speeifK*. class must be determined ; but noadecpiate pro- 
vision is nia<le for secnring an a<'curate classitieation, and to a large extent the laws 
are inop<>rative, or ])ractieally void ; for exani])Ie, coal lands should l)e sold at ten or 
twiMitv dollars per acre, but the (h'partnnMit having no means of determining what 
lands ^»elong to this class, titles to coal lands i\w usually obtainiHl under the provitricn 
of statut«*s that n'lat^* to lands of other classes ; that is, by pun'hashing at tl.S5 pe*"^ 
acre, or by homestead or pn'-em])tion entr>'. An examination of the laws will exhioit^— 

this fact, that for the classitieation contemplated thenun a thorough survey jjaneoefl 

sary, embracing the gcohigical and physical characteristics of the entire i>ubhc domain ■ 



The ouly pmvuioii iini«T the Oi*ii<*ral Lniul OAicc forHiioh n Nnrvi*v i.s rontaiiuMl in thn 
*' Iiutmctioiis to the Miirveyon-guiierar' {vitie p. IH, and )»irii};ra]>h8 uncbT the hoacl of 
"SmmuMTy of objects andilata to Iw nnfed/') In thf piTfonnancr of thoH** dntieH the 
Aqnty flnrveyorn, who do the work under rontrnct, fail eiitinOy tu ]>n»vidc the factR 
MCHnr)' to the proper adininlHtration of the hiws, and, in i»nietiee, the factH ui>oii 
vbirh tTRimActionH lu the department aiv baM^l an* olitained not from ox]M*rt8 om- 
plojtd AH government ofliceiH and eomjK-tent to ]NTforni the tank, hnt (m affidavits 
Budeby the partieH inteTeMt4kl, or by ik^ihihih mdeeted by them, and the hist^iry of the 
LandOftlce almndantly exhibitH the faet that States and indivitbialH have to a larp* 
extent obtained titleH to lamUi from the general government under fraudulent rejin^- 
KotatiouH. 

Frwni the alwvc utatenient, it will 1m» a]>i)an>nt that a tlion»ngh survey of the geology 
aiidpbyHieal rlnHHitieation of the entire tlomain is neeessary io the administratiou of 
the lawK ndating thereto. 

The im]mrtauee of HUeh a Kurvey in th»' industrial inten'sts of the country requires 
brief mention. Tlie greater part of tin* lands yet n^nuiining in the ]>ossessi(ni of thi* 
p-nrral government either neetls |»n»teelion on the one hand fiiun ovia-tlow, Ix^'auM* 
of excewive humidity, or iirigatiou o]i the <»tlier, because of «'xc<'ssive aridity. The. 
utilization of all sueli lands de]MMids n])on the eoiTcet solution of givat engineering 
]irt>bleins. Largi- iiortioUM of the ]iublie domain on tin* (iulf roast an* swani]) lands; 
ihejjreat river valleys of the South an* tl4M)d-plains, whieli must be i»rotected from tin* 
wat<Tri whieh iM'riiNlically tlow over them; \ast areas of swaui]) and lakelet lands 
exirt hi the ri*gion of tin* gn-at lakes that must 1m* retleenicd by drainage : tin* western 
half of the TnittMl Stat«'.s is «*om]»aratively arid; in more tlian fmir-tentlis of our 
natieiial »n*a, exelii>ive of Alaska, agricultui-c is dt>]Miideut u]Min irrigation, and lieri* 
the lands are to Ik- used only by the utilization itf rivers and n)in<ir strcain-s that are 
duftly fnlby the sno%v-tu']dsof the Koeky Mountains. The rapid niigratinn. whieli has 
li»iTj greater during the ]iast ten yeai*stban in any similar ptution oftlii' bisiory of the 
Vnileil States, is )iushing, in middle latitudes, «juit<» tt) the verge c»f ]Mis>ihIe agrieul- 
tiin> without in'igation. and soon all the lands in the liuniid and suldnimid region 
ln-ioiiging ti» the general governiniMit will be exhaustrd. and liitun" srttlcr.> on puhlir 
donuiin will Ik* eom)N>lled to report to the lands to brdrain<-d or to the 1and> to be irri- 
KMtwL On the Flondiau )N'ninsula, millions of arn-s. valuable tbr tin* gr«)wtli of si-a- 
ii*laiMl eott«m or sugar, ean be n-deemcd by tb** drainage of Okechnlu-e Lakr: on tin* 
(iiilf eoiieit, millions of acres of swamp-land can be rcdjM-nied by prot«rting tlieni from 
tirte-wnter; in the gn*at lbM)d-]>lains of the Stnitb. millions of acies »if tin* ricln"st land 
of the continent ean Ik' n'dtM'med by i»rotcrting tln'm from pi-riodic ri\cr tl«»ods; in 
tliOB-gion of the great lakes, millions of acres can be r«'d<'»'mcd by tin* draina;;i' tdtlie 
ovaiii]t and nnmll lakes: and iit the Ho<-ky Mountain region, very many millions of 
aiTm (if land i*an In* redeenu'd by spreading therixers o\er the plains and \allevs. 
•^■tDi- f if the engineering ]irobb'ins thus indicated have: impf>rtant mutual relations. 
Thntinie must siMin come wln-n all tin* waters of ilu* Missouri will be s|>r<ad over tbr 
in^'at pin ills, and the ImhI of the river will be dry. A large part of the Arkansas nnist 
al«)lM» taken cuit to fiTtili/e the lands adjacenr to its upper course, an<l still farther 
|*>iUhthe -M'aters of the upper ramifications of tin* Ked Kiver must be used. Tin* util- 
mtion of th«*s»* waters flowing during the seas<in of irrigation, and tin* st<»ragc of the 
wjr]»liw, will have an im]>ortant etl'ect njMin the Mis>issip]»i Jfivi-r, and \>ill, to .mouic 
♦"Xt^rnt at li*ast, ndieve the great valley plains of the Mis>issippi. <xtending from the 
uuHith of the <Jhio to the fwulf t>f Mexi«'n. from the devastating floods to which it is 
iN'riMirally subject. It has been ]>ointcd out. ami it is well known to the sci(>nfifi<- 
nifii of the country, that the jirewnt system of pn»tecting these lands by levech is not 
^>ly excessively «*xp«'nsive but i-ntirely ina<lei|uate, and it has been further shown 
*l>atit In practicable to n*deeui thesi* lands by the storage of the waters. ( I'ifir Kllet : 
{^•\Kiral Gcogra)»liy Mississip]>i N'allev. Smithsiuiian ('ourributi*»ns to Knowledge. 
J'*I. 11.) Jhit if the excess of watei-s can !»«• used for irri^^ation a dtmblc juirposc will 
™*a«'<*oniidishe«l, and if the relief thus ohtained is i|uantiratively inMUtlicient. a thor- 
'"'Kh investigation of tin* subjr<'t should be made, for the pur]iose<)t' determining whai 
**^*(litioual measures can be ado])ted that ^^ill be etlieient and economie. 

Affain, in the arid region of the Tnited States, which is more than four-tenths nf the 
^'^Mc an'a, as had lM*en stated, hut a eiunparatively small ])ortlon run be red<>emed b.\ 
"^KHtion, and what renniins is not of nnn-h value. It is, consid<ring the wants of tin 
onuitry, in thenniin bountifullysupidied with timber, but tln'timlM r is not distributed 
*? or adjacent to the agrieultuial lands; it is found on the high |date:Mis and mount - 
■'iiK wher<* clinijitic condititms make agri<'ulture im])ossihle. IJetweenthe elevated 
'iinlHirn'gions and the irrigable lands adjacent to the streams are broad stretch«*s of 
£j*in, vaHey, hill, and mountain-lands valuable to some e\t<*nt tor grazing )>urposes. 
."•*«• l>hyriical characteristics of the country (b'Uiaud furtln-r inv<'stigation, and the 
'**»Hification of tin' lanils of the ]»uhlic donniin now inv(dv«'d in the laws n'lating 
j?*''»'to muHt neces.sarily in the imnu'diate futun* be somewhat enlarged. For a mor»* 
J'^tongbexiMwit ion of this subject, I Ix'g leave to refer you to my report on tin' '^Lands 

the Arid K«'gi(m of the United State.**," eojucs of whieli 1 transmitted t<» the vice-pn*s- 



10 

i<leiit of the Natioiuil Aradoiny of S<'icnct*R SeptenilM>r 24, with th«» re<iiie8t that the 
same he distributt'd ainoii^ the iiiemb<TN of the coinmitt^Hj. 

The jrniater ]»art of the reniaiiiin^ public domain is iu the far W«»Ht. The immediate 
iiieeutiveH to it^ settlemt>iit are the luineR of pivcions metiils found in it« mountains. 
It is a region of vast and inexhaustible wealth, and gold, silver, cinnabar, oopi»er, lead, 
iron, •and eoal abound. In thi' State of Arkansas and the Gulf States cast of the Mis- 
sissi]>]>i Kiver, where inipoiiant jjortious of the public domain are found, the monnt-ains 
are gr»*at repositories of mineral wealth. In all of these regions a geological snrx'ey is 
necessary not alone to the ))ropcr administration of the Lanil Ottiire, but it is c»f vast 
importan<-c and of great value t«» the general government and to the |>eople of the 
Tnited States by i»n>j>erly exhibiting the charaeti-r and extent of our mineral resourcen. 

In the statements thus bri4»liy made, T hav«; attempt«'d to indicatt; by a few illustra- 
tions the cliara<'t<'r of the scientitie pr<»blems involve<l in the (|Uesti(m submittinl by 
Congress t(» the Acad«*my <»f Sciences, and the more imiHU-taut economic coiibidera- 
tionsthat inhere in the subject. 

From the statement above, thtnigh brielly and imperfe<*tly made, it will l>e clear 
that a proper s<'i4'ntitic survey embracing tin? g«»ograi)hy of the ])ublic domain with the 
parceling of the lands, and the geology with all the physical chanR^t eristics connecte<l 
thennvith, is n^'cessary iVu* th«' tollowing reasons: 

First, to secure an accurate parceling of the public lands and enduring boundary 
lines. 

Second, for the i^ro^wr administration of tlu' laws relating to the ])ublic lands. 

Thinl, for a correct an<l full kn«»wledg<' of tin* agricultural an«l mineral resources of 
the lands; 

And fourth, f(»r all pur]>ose8 of abstract science. 

These considerations are ample to secun* fn»m the Xatioual Legislature all ueceswiry 
financial endownnMits tor the prosecuti<m of the surveys. It should be rememl>enMl 
that the statesmen of Anteri(*a who compose and have composed <»ur National L«'gisla- 
ture havelMM'U not av«»i-s<» to the endowmt>nt of s<'ientific research when such resean-h 
is properly ndated to the industries of the p«»ople. Tht^ verity of this statement will Ihj 
more appai'ent by the c<msi(h>ration of tln'l following fa<'ts: 

For 8<-i<Mitilic work carried on uncb'r the direction of the War Department, the fol- 
lowing ap]>ro))riat ions have lu'en made: 

River and harbor improvements: 

For the fiscal v«'ar ending .June 30, 1H76 15. 900, 000 

For the fis<al year ending June 30, 1877 4, 550, 000 

Forthe fis<'al year ending June 30, 187y 8,200,000 

Signal-84*rvice: 

For the fiscal year ending .Tune 30, lp*76 507,000 

For the fiscal year ending .June 30, lf*77 349,000 

Fertile fiscal year ending June 30, 1H7H :^26,(K)0 

For the fiscal year ending June 30, 1H71) 404,000 

Lake surveys: 

For the fiscal year ending June 30, lH7t» 150,000 

Fortius fiscal y«*ar ending June 30, 1"<77 100,000 

For the fiscal year ending June :^), 1H7H 11(1, (mm 

For the fiscal year ending June 30, lh79 99,0UQK 

In addition to the dir<H't appro]U'iations mentimied above, large indirect api>ropna — 
tions were made in the bills pro> idiuij: for the su]>)K»rt of the Army. In some case**- 
the indirect ap)»r<»priations were even larger than tin' direct. 

For scientific work carried on under the direction of the Tivasnry Department, th .m 
following appropriations have been made: 

Coat*t Surv4'V : 

For the fiscal year ending June 30, 1870 ^17, i 

For the fiscal year ending June :^), 1H77, (including deficiency) 0^,i 

For the fiscal year euding June IW), 1K78 " ' 468, < 

For the fiscal y«'ar iMuling June 30. 1^<79 547,l^*^ii 

Weights and Measures : 

For the fiscal year ending June 30, 1870 7,W^H> 

Vor the fiscal year en<liug .June 30, lh77 d,'S'W 

For the fiscal year ending June 30, 187H 4.Tf*; 

For tin* fiscal yt'ar <'iiding June 30, \y<T[) 5, CKK^ 

Light-llous4' Board: 

For the fiscal year emling June 30, Ir^O 2,750,000 

For the fiscal year euding June 30, 1877 2,470,O<« 

For the fiscal year ending June 30, 1878 2,130, CKW 

For the fiscal year einling June 30, 1879 1,970, OW 
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ForaeientiAc work carriiHl on luulor tbc dirt'ctron of tin' Navy I.>«'partiii«'iit, tlii' lnl> 
loving approiiriatiuiui have bc-en made : 

Naval Ohserratxyiy : 

Fortlielwcal year ending June 30, 1H7C $ao,ri()0 

Forthe fincal year ending; Jnne 30, 1K77 iJl,:WM> 

Forthelirioal year eudini; June 30, If^f* '2i*J)(H) 

Fortheliflcal year ending June 30, 1H79 -^a. 100 

Kantieal Almanac : 

FortlieliHcal year ending June :{0, lr7r» 'i4.ri<K> 

For the Ascal year ending June iV>, 1^<77 19. r)0(> 

Fwthe tisf-al year ending June W, I'^TH 19.r»(iO 

For the luM:a] year ending Jnne 30, 1J!79 'ti. "jJ.K) 

For 8fientifie work earrieil on under tlii' dln-rf ion of tin* Interior L)<>]»artint'nt tlie 
fullo^ing ui»iiTO])riation8 have }h*vi\ made: 

Giriienil Land Offiee : 

For th«» fi?4eal yiMir ending June '.JO. 1^^J9 ^.V.IT), iM k> 

Korthe rtwal year ending June 30, l.*<70, (iiiclndiii^ dt'TuiiMu-y ) f)*.'), (HH» 

Korthf^iWaryenr ending June 30, 1H71 .1 71M),(mhi 

Fiirthe rtsi*al year ending June 'MK If^'i, (iurhiding drlicit-nrv) 790, (MM» 

Jjwthirtiwal year ending June 30, 1^73 ' h-24H,«MM) 

lrtrth«» tiwal year«i'nding June Itti, 1H74 l,30r», (Mk» 

Fortho lisealVear ending June :«), 1H75 l.-i:K<KM» 

Korthe tiMeal year ending Jnne :W, 1^7(5 1,097,(HJ0 

F<ir the lineal year ending June 30, 1H77, (iurluding d<*fi<irury) .V)**, 000 

For the fiwal ye;ir ending June :W, 1^^8 474, (KM) 

Fw the fiscal year ending June :}0, 1j!^9 ^It'iJKK) 

The expenditures nnder the I^ind Office liave bevii givm for ten yt'ars, from the fact 
that for the pa»t two or thn'e yeaix tlie iii>pro]n'iations nia<le undirr this head have 
^u greatly diniiniMh«Ml. TIiIm dimiuutiiMi was due to the fart that it had coiiie to be 
iwopiiized by Congrerts that the HurveyH \v«?n' carrifd on by faulty and wasteful 
i»tho«lH. 

The itemn mentioned abovi' are only ap]>rr>xiniations. jis the writer is not abh» to 
»**t«i exactly what proportion of tbt» othee «'xpeiiditures of the General Land Ottiee 
*liould lie in<'lndefl nnder tluH head. One-lift h of the gi'ueral expense of nuiiutaiuiug 
tin* office luiH been included. 

Forneientifie work carried on under the direction of the United State's Connuission 
Fixhiimi FirtherieH, the following appro])riatious have been made : 

Fwtlie fiscal vear ending June 30, 1870 §r»3, ;VX> 

Iwtbe ti.s<al year ending June :U), 1^77 'M\. (MN» 

}W tlie liseal Vear ending June Itt), If^n, ni , UK) 

*'or the fiscal year ending J unt; 'M, 1H79 ni , (KX) 

, Fnnn the «4'veral n»portrtn»ide in answer to th<' ri'solut ion of the ITon. J. D. (\ Atkins, 
'^ ipl>ejirH that the following has Im-cii tla* total eost of the different ge«)gnipliieal 
*hd (THtlogical snrveyH that have been in proHries.s of late y<*ars, u]» to .Fnne 30, 1j^-, 
'** which i« added the a)>propriation tor the li.s«:il year <'n<ling June 30, 1879: 

VuUrtl SUiU'H Gctph^gical Exploration it/ the Wth l*nraUvl, uiuhr Clunmr h'iinj : 

-^•iioimt i?xiM»nded up to June :iO, 1?C^ (lHf;H-l-7-i) §sW<;. 711 

VhUhI StalttA SurrnfM and ErpUtrotinuH writ of the 100//* Mrridiun, under Lhiit. (ho. 

M. n lialir) 

-^inonut expended up to June 30, ls7^ ( lHi;i)-l>7-) s499. 3ir> 

"Mti^»l)riati«»n for the tiseal y«*!n' i*ndin«»: June 30, l.'-79 ;'»(», OOo 

Cmi/cc? SUiif'S (innjraphirdl uitd (indotjlva] Surmj of the Territorien^ under Prof. /•'. /'. 

J I a If den : 

^'nonnt exjM'nded up to June 30. 1^78 rr^t)7-l'^78) si;i:». ooo 

*^I»l»n>priatuin for the fiscal year <'nding June :J0, ]>79 7r». (JOO 

Ciiltetl .Sinter tifiujruphietd and (ieohufteal Snrreif of the Uoeky Monntuin lieifion^ 

under J. /r. PoufU : 

Amnniit nxwuded un to June 30. 1878 ('1871-1h7h^ .y2o:), 0(H.» 



-■jmnnnt exi>ended up to June 30, 1878 (1871-1h7h)... 
*l'pn»primHiii for the tiscal year ending June :U>, 1?^ 



1?^9 r>0,(MX) 



12 

Tlu> abovo statonu'ut of a])prr)))riati(iiiH (1rH>H not iucludi' thoix* made for tlie Agrieul- 
tural Dt'partiiieiit, when^ sfieiitilic iiivcHtigations are imrHued to some ext^ut, nor the 
many t<^iii]»(>raiy a]>|)ropriatioiiH Hn(*h as thoHc made for the Polaris expedition, and for 
inve8tigatioii8 relating to steel and iron. It will appt^ir from the above that tho di- 
rect appn>priatiom} made for great national work involving scientific research amount 
to more than eight and one-half millions <»f dollars annually ; and should we inclode 
the indirect api)ropriations, the amount would be considerably more than ten millions 
of dollars. 

Much of this great amount has n<»t Iwen given diri'ctly for scientific nwearch, but 
all the work iM'rtonned under these exju'nditiin^ has iuvolve<l scientiti<5 investigation, 
and there have n^sulted tlu^rt^from many vahiable contributions to knowledge ; thus 
scientific research in nniuy fields has h<i<l munific4*nt en<lowmeut. 

Thej*e amounts have been appn»i>riated din'ctly ftir the purpose of making many of 
the gn*at iuilustriesof the]M*ople at htrge more remunerative and secun\ but the history 
of the legislation c<uineete<l theivwith and the ]iivl!minary dis<Missions in the National 
Legislature abundantly show that the stateHUien of the eiiuiitry have not be<'n uumindfid 
of the scientific results which might accrue thei*efn»m, but, on the contrary, such results 
haven»ceivnl due ctmsidevation and have been potent in si'curing the adv<H'acy of mauy 
wise and able men. In submitting a plan to Congress for the organization of a geo- 
graphical and geological surv4*y, tlu'S«* facts should not be ignored. The sur^-ey 
should be allie<l to the great industrial inten'stn of the country, thoHC relating to agri- 
culture and mining being of greatest magnitude, and affecting the largest number of 
jH^ople. 

A survey organized for the ))nrp(»s4>s which I have iiulicated will always receive 
ample sup)M>it because the results of its work will incivase the national wealth, and 
beneficially affect the largest projMJrtion of the jn'o))!*'. Hut a geogniphical and geo- 
logical survey divorctMl fn»m tnese economic considerati<uis, and uevot^Hl to res(*arch 
valuable chielly for abstract sei<'nee, must always \h* weak and have an uiuM^vtain ten- 
ure of existence; for in the ettbi-ts made to nMluce the exiN>nses of administration and 
4lrainage on national r«'veniie such exi>enditurt^ would be the fii-st to be cut off. A 
geoijmphiCiil and gtuthgieal surrcyj to Ih* pennancHtj riyoronny and efficientj nhould include Ihe 
intrrey of the public landn and hv nubaidianf thereto. 

In the ex<'eution of the trust impoM'd by law on the National Academy of FU'lences, 
two important facts, not having dinurt mention in th«' statement above, merit atten- 
tion. 

First. I'nder the C^mst Survey a traiisc(mtliientnl triaiigulation is now in progress, 
and much has alreaily been acc<miplislH'd, as the Coast Survey has a very large nnm- 
l»er of pers4>ns trained as experts in geogra\>hical 8<m<micc. Two su<'h systems of triaii- 
gulation are unnecessary ; tlH> one now ill progress should be made tho basis of all 
future geographical wt)rk in the I'nited States. 

Second. The Signal S«'rvice Oflice has already establisluul many stations tliroughont 
the country for barometric" observations, and thes«', t<» a large extent, can be utilized, 
both in the pre]»aration of hypsonu'tric tables and in the general work, and the resnltit 
of the data collected by that oltiee aiv of prime importance in considering many of the 
questions relating to land economies; hence there should be hearty co-oiK'ration bt»- 
tween the Signal Scrvi<'e anil the geological surveys. 




COST OF A (}K(><;KAIMnCAL AND OEOLOiJICAL SIRVEY. 

The average cost of the land surveys, from the time they were institut^^d to the pre?*— ^ 
eut, luus bfen sinuething more than twenty dollars per square mile. In the earlie — 
years it was nnicli less ; in later much more, for (»bvious reasons. The m<MuitainoiL.«B 
region of tlu' West ]»resi'iits manv more difltculties than the plains, prairi<^, and leve 
lands of the East. At present, tlies<» surv«\vs cost fnim twenty-live to thirty dolli 
]»er sjpiare mile, and if tlu' pres<*nt systiMii <*c»ntinues the cctst must steadily increase F 
cause of iiKTeasing ditiiculties. After a careful consideration of this subject, and son j 
familiarity with the methods and e(»st of the land surveys and (»f the geographical »f^ 
geoliJgical surveys of this country, and, to sonn^ extent, of those in Enroiio, lam- 
the opinion tliat all nec«'ssary geographic surv«'ys, iinrludiug the parceling of tP 
lauds, I'ould be iiuulv within tlu'cxiM'use n(»w iiu^uiTcd for the lanil surveys. Thron( 
out tlie west«'rii half of the Tnited States all geograi>hic Avork can be performed a^K 
slight <'<unparativi' cost, on account of certain jdiysical conditifuis existing therc^K^i 
I$ecausr of aridity tlu' «*ountry is largely destitute of timber, and the pri'sence of tl 
ber gi'catly incn'iises the cost <»f this work; it is also a mountainoiis couutrj', whi 
salient ]>oints for triaiigulation are abundant, and from its numerous elevations the 
tervcuiiig valleys an' readily coniiuan<led. 

For tln' same reason, viz, excessive aritlity, and the destitution of vegetation 
ing therefrom, a ge«»logical survi-y can be carri«'<l on at a comi)aratively slight 
Not. <M»vercd by soils and vegetation, the whole country is an open boolc, where ^ 
log:<aI .^structure and distribution are plainly revealed, and the geologist is ofteniu. ■jfe 




It' 
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to dirifovor ut n Hiuf^lc ^Iniioe from mmiic ciiiiiu'iiru' wliat in it'^ions favon'd with a 

gTfatw hniiiiUity would bt> f«»un(l out unly :it^(*i' \v«>(>kH or i>vi*ii inontliH of patient toil. 

In coiiiiiaring the ccwt of the Kiirvr.vs wliirh Mhonid lie niadr in this fonntrv with 

thow maile in Eint»p«», tho diverse* imiitosfs for whirh thi'w siirvfys an* niad<» shonhl 

riTriTe Attention, in Eiiro]M.» tho areas to \h* snrvi'Vfd. in fonii)arirton with 4'xtfnt of 

IMipnlation and nAtional wealth, ar«* small; in Amrrica thi> areas to he surveyed, in 

(tmi)iari!H>n with the po])nlatiou and wealth, are ^rreaf : in Kiiro]M\ lar^^o standing ar- 

mitu are sui»i»orte<U and the several ^xovernmenls stand rver i>rei»ar«'d for war; hy 

tlioKe nations whieh have or are rxeeutinj; the nioKt «'lahorate snrvi'vs, the objeit is to 

pivpan' detailiKl eharts of every possible ha1tle-ti(>ld wirhin their ^lominion. wliieh. in 

fact, emhr:u*e« tin* whole an-a ot their fenitory. The rehitiou of the I'nited .Stat*#s 

10 mljaeeut nations on the eontiiH'ut is sueh that our statesnuMi th) not think it neees- 

!4iry t4i sup)N)rt a lar;;e standin><: army, and in the or;rani/.ation of a survey of the 

Vuitetl States it is n«»t neeeswiry to consider this military j»urpose. We n»*ed not <"*mi- 

ntrurt maps on a neale so elaboratly as we should \M're ue eonipelled to cou.^^ider the 

IT hole a iva of the i*<mntiy as a sueeeshion of bjnth'-lields; luit ;;enerjil eharts. suth- 

fientlv elaborate fi»r i-eononde and scientitie ]>urposes, wiiuM ser\e :ill purpoM's of 

inilitary stratej^^y or the planning; of iampaii>:ns. 

lu (liseuKsinj;; jjeo^'ajdii*' surveys, we may divide tlu* ^ul)ie<-t-niatter int<» t\\<» jiarts: 
fint. the survey and representation of the natural features, whieh we may eall the 
M(«rf fKUiion of the wiu'k ; and. seiond. tht' MU'vt'y and delineation of the uu)re prom- 
iiieut w<»rks of nuii'i n]M)n the surt'aee of the earth : this we may call the cHUnrc \n\v- 
tinn. In the surveys made for military purposes this culture jiarl reeeivt's relatively 
tnomious attention. 

Af^niii, in tliost* etuiutries of Kurope \>here tin* most el:ibor:iti* ;iml expi nsive sur- 
veys are exeeutei I, the lands are in ^reat part ineluded in larije estates whi<-h belon;: 
to the lauded ;;entr>'; the few ownei-s are a11-i)o\\erl'ul in the admiui>tration of the 
K-veral governuu'uts, audit is eonsitlered by tliem that the culture of every estate. 
iti4fiiri.*sts, its fields, its orchards, its walls, its hed;res. its dit<'hes, its buildin*^s. iVc., 
flioiild lie a matter of ]Miblie n-ecu'd ; that the extent, eiiaracteristics, and :ip]Hirte- 
iianecs of every estate sluudtl be tliorou«rlily understood, in order that the ]io.sition and 
iui{M)rianee of every jjn-at family in the social fabri<" may be elearl.N set Ibith. These 
muoiisfor an elablirate survev <lo not exist in this ctumtrv. and in such a work, car- 
notion by authority of tlu' jjjeneral ^»nerunu'Ut. should receive but sli;;ht attt>ntiou. 
Tlu' )K>sition of towns, highways. «Vc., should be determined :ind marked, but the 
vaiitdetu lis of culture should be onutted. 'J'he nature part of the snr\f> is peruui- 
Ui^iit; the enltuiv p«)i1ion in this country is rapidly <'han«;in;;. and if muni<'i|>alities. 
towiishijis, counties, or »States should desir*' to prosecute tletailed cultnn'-surveys. 
the j»n>piT eharts re]ni'seutin^ the nature ]iort ion wouM bi» furni>lied ready t«> their 
IjmmIh. In fact, these snuiller units of our political orgnni/ation do enj^a^*' in thes** 
wJt^TiiriMi'S, and many distritrts, towushii)s, and count ii-s have pre]>ared elaborate 
chartftof tlieir areas; usually, however, ne^le<tin^ the nature ]»ortiou of the w«»rk. 

In the immediate future it is probable that the farm unit in the western portion of 
I^flr count ly will be ehan^^ed, so that it will not be netressary tt» parcel the public lands 
'oto tracts so 8mall as we ari' now (hun^ under existing hn\s. This nuitter I have set 
''•nh inoi*e fully in my "Ki-port on the Arid Lands of the I'niteil States," to whi<'h 1 
*Rain Ih'j; to call tlu^ attention of the »'ommittee. Should this chau<j;e be mad(>. the 
*'^p'Us<' of the hind survi-ys will be materially diminished, and the saving tlu-refrom 
*'iil jiiiibahly lie fray the cost of the j;eolo;^i<*al portion of the work. In this ]>aper. 
'^•iwever, 1 hav«' bas<'<l mv statements wlmllv on the t*a«ts and laws as thev u«»w 

'^tjllHl. 

Z«.)OI.<m;V AM> UnTANV. 

In considering the broad <|uestion <»f what should In* the attitude of a ;;o\erument 

■^vanl seientitie surveys, it is not apparent why the problem should presi-nt in thi«* 

**Vuntr>' any ^^n-ater ditliculties than those prexnted in Europe. It has then* been 

'^ijti'UwM'd alike by statesmen and by men »d'seienc«> with no ditb'reiice ot'ojnnioii astt> 

^^•'nfRd eomdusions, and anion;' tlie lcadin«r miu<ls verv litth- as to details. It will 

I*i\H«d»lv iMi universallv atlmitted that the eudt»wmeut i»f scieiH'c bv "ov^'nnuents 

^■lould Im» verv limited ami seruniilonslv eonliu<-d to those obi«'cts of researeh whieh 

'*'wler imliimry eircumstani'cs could not <ir wi»uld not Im* underfakeu bv indi\iduals. 

Ylii^ eou<'lusiou does ncU arisr so miuh fr«nii <Muisiderati«MiM as to what may 1m* tlu» 

**lityof till* j^ovi'rnmi'ut as from the tact that the ellbrts and en«'r;;ies of individuals 

■^*'tinj; trom no other stiunilus than the ln\e of seieneeare prodncti\e of brtler results 

^ nan when act injx nndir the stimulusiU «;o\(rnnient ])a(rona;fe. Tln-re »au. ln»\>ev«'r, 

'W'litti,. doubt that a topo^ri-ipjiic. survey and a general "■»oh»;xi'" sur\ev are A><uks 

"Oirbtall fullv within the class which ma v and ou^ht to bf sustained bv the Lr<»^erii- 

"^iit. It is lK'caus4j of the H;|-,.at ma;^nitude and ex[>ensc of su<h undirtakin^^s, which 

plaiv tlieni far beyond the reach of indi\idual cMiterprise. 

"Ut 51 ^(»vernment which patroni/es and sustains such in\esti;;ationshas ihi- uui|Ues< 
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lioiHMl rijxlit to doiiiNiid in rot urn rcsulls wliicli sliall bf not nirnOv lor tin' IwMn^fit 
the scirniitir. the learned, and the rnltnri'd, Init for the ininii'diatf ns4' an«I \vantH.«>_, 
all flasM's. Ir has tin* rij^lit to demand not only reMdTs «»!* jjeneral valne, l»nt tlu»4e^,^ 
ntilitarian valne. In a ]io])n1ar jjfovennnenT like oni"s these eoiiNiderat ions air oa^ . 
mon-* loreihle than in those g(»vernnients wln-re the <loniinant t-lasses Indonj; to »^ 
nn^ldle and hij^her ordei-s. A nnrvey in this eonntry. snstain«-d hy the jjovennnor -* ^ 
wiiieli does not elosely ally ilsell' to tlmw nrilitarian demands eannoi !»*• sii*onjGE^ 
]>ennanent ; n<U' ejin it taee tin* ]»nhlie with demands tor snhsidie.s. as it' they w";^-;,^ 
things ot* ri^ht. These snrveys shonld h«' hoth ostensibly and really so elosely rel:» c j 
to tin? {>raeti<'al wants of ihi' people and of tin' j;o\ennnent its<'lf that niMines*^^-— 
eonld ever he reasonably raised against their ntility or evi'n neeessity. They shc~.» ^ 

till in the ]»nhlie seln-me a )>oMtion analopnis to those whieh an' lilh-d hy the CV "^ 

Snrvey, Sijjnal Serviee, Naval (>lw*ervatory. A;i:rienltnral I)e]»artnM'nt. and tin* lAi ^ 
]Ionse 4>stahlislnnent. Nf>r is there tin* slightest dan;^ri- that in an or;;nni/ation ir. „«- j 
sn«li a basis ami for sneh ]nirpi»ses tin- int<'restsof sei<'nei* wonhl snfVer. Nt) ol»je<— ' 
eonld be raised even by tin* nn>st eaptions a*;ainst the ]iroseention of any bran< 
seientitie rewareh ]noperly eo-ordinate«l with siu-h a wtn'k, on the y:n)nrtil of its h« 
t(N) tlior(Hi<;h or too exhanstive. Obieetions eonld e(Mnmen<'e onlv wln'n sneh n 
vey shonld ventnn* Inyond the striet limits of its tiro])er ]»nr\ i<'W, and it mui 
admitted that objections then eonld not he eonniu'need ttio <]niekly or be mad 
btnnij;. 

Tlu' liberality whieh has alwaxs iM'eii manifested in Conj^n'ss and in the «"xeei iti 
depaitments towards seientitie r<*s<*areli is a fnil «;nai-antee for the )n*es4'nt at least... m 
donbtless also for the fntnn', that a snr\ey restrict inj^ its aetion to itsiirojw'r tiehL , ' 
jiroseentin^ it to the ntmost within that lield, will Iw most liln'rally juoviiled for — a 
abniHlantly snstained. 
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nitimately the natn)nal welfare, like the rava;iesot loenstsand Tlieeotton-w<irni, or «h/»- 
jeets ndatinj;^ to the jriowth and jirodnetion of forests, and these in<|niries may n'«jiiire 
inunediate pniseention at j^reat expense*. Sneh exeejitions «an always Ik* taken iutn 
eonsifleration as they aris*-. They do not at>pear to invalidate tin* p*neral rules Jirre 

. ...-.-.. .^..,1 *i...* ... ••.i!.._ I 1. ._.....! 1 1. . . ..r 1 : ..-. 4 .....v.v..>» >^>ii1._ 
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may it not lie safely said t<'ns of thonNands. who neither ask nor want tin* sli^Iil«*»t 
as.Ni!stanee from the ;;o\ernnH*nt. It is by the nnndterh's-s tribntes of this j^reat thniDg 
of seekers after knowh-dije that the ^rt'al mass of t'a«'ts eonstitntin^ the bodv of tliowJ 
sciences is accnmnlated. It is b\ the master min«ls in that throny: that the bmad and 
philosophic «*enerali/ations are evoked, and i»f the.s<' leaders of thon;;ht every ;;eucni- 
lion fnrnlshes its nn>dienm. Snrelv no one will nrire that it is tln-tlntv of ijoveninieut 
to add half a do/«'n workers to tin- j;reat army of indep<'ndent investijjators, aim no 
one A>ill pretend that any annmnt »»f snbsidi/iny; <an create a single phi los^ipher. 'fh*^ 
largest amonnt which (.'on^ress could be asked to a|ipropriate wtmld bear but a tritjiug 
ratio to tin' a;!:;;ii'«iate snni expended by individuals and institutions of hsiniiiip* 
either diri*ctl> or indin-ctly, in the prosecution of zoiilo^^ic and botanie ii»seareh. 

Noi- doi'h it seem wise that the ^iovernnn'nt shonld assume tin* n'sponsihility au« 
ex]M'iise of the pnblirafion of. such works. Ma«x:»7,iiu's, the ])n>ceedin;ss and traiu^ac- 
timis of ]i>:ii-ned bodie>. and Ixioks |>nblished on the same basis as ordinary literature 
will atVinil an\p]e meanN t'ormakin;; known all discoveri«'s and all •r^'neralizjiti**"''^" 
those bramlies. Srientirn- ma;;;a/im's ami ])ioceediiij;s will m-ver refuse the puhlK"*" 
tion of i-oiitribntions. howc\cr small, jn'ox ide«l tln'y ]>o>s«*ss real value, ami it v*" 
bardh be denied tluii if tln'v «lonot possess that valne tliev onirht m>t to inenuilMTtho 
literature of s«ii in-c. Nor will means be wanting; f»»r the publication of larjjt'r"''" 
more. conii»reheii>ive works Axhfii their \alne. bears a dne j)n>]»ortioii to their voluuw 
and cxjM'iiM' of edition. It may be hiitl <lown a.^ a safe rnle that w(»rks npoii zoulofp^ 
and botany whiih are or.snihcient value to warrant their ]nib1i(>atioii will ordiiiW'v 
tind tin- means tlin>n^h c\i>tini; <hannels. ami those whi«h are of inferior value tin' 
^nvernnicnt would n<»t beJnNtitied in pnbli^liin^r. 

The (Miormons bulk and ihaotic <haracti'r of the literature of tlu'se braiiehes is nii^* 
virsally fell by naturalists to be a serious evil. Those sciences are heavily oncni*** 
bcn-d and ch);x;;cd by the very ina<j:nitude of ilu'ir jniblications. It will not 1»*^ s*'!*" 
]>osed for a moment tliat tin* entry <»l"the ;xi»vcrument intt> the held as a niiseellaneo'^* 
]^ubliNher will in any manner atlect existiutj channels of publication, Imt would iwrC'v 
open another lloiM]-;^at<'. Nor is there any guarantee that its zoolojrjc and l«otai*J^^ 
wiirk> wonld be more valuable in matter or more c<uicent rated in iiitellvctiinl nourie^*^' 
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t thnii tli«)M* which are I'lillcil aiul siftt'd hy sricntitic \)rr'n <li<-:i!> :iirl tlit* rfiiniiicr- 

piibliHhiiiK-hoi]M*H. 

4*Mr]i tviiMins 1 <l<* ii(*t think it wonhl hr wIm* to iiielinh' /.atUvry aiid ^otaiiv in 

I>bn ti> In* rfi*oinmrii(li*<l to Congii-ss. 

VAllSitlAUiY. 

ilik«- thf Mtliji'i'ttf lust nii'ntinn<'il, thrn' an* r(>:isftii> \vli> cthnoln;^!!- nx :ii-(Ih's. nr 
!4i};:irii>nH n*latin*; to thtr North Anirriran Iij(li:ni>. Nhtmhl \*v t'o>tri-ril li> tiic inru- 
jpivemineiit. Tlu^ workisnf ^'at nia^riiitudc ; nutrctli.in tniirhiiiHlrrd l^niiriia^cs 
D}; to alNMit vixty ditlVront Htorks having Immmi t'oinul Avithin i\w Icrritory of thi* 
«<l Stutcs. Little of vahu' ran hiMir-conip]islii-<l in ninkin*; investigations in othiT 
xhva of thi^ tieUl T\-itlioiit a thoron;{h kno>v]iMi>rf of tin* lan^na;i::i*.H. 'JMnir so<.-iol- 
niytholo^y. arts. &(*., an* not propiTly known nntil ilic iMM»plo th<>ni>('lM-s air 
i-rxtotMl, with their own coni'cvtitias. o]iinionr<, and motives. 'Vlw snhjeets of st inly 
reinut-i* from th«' reiitcix <»f civilization and enltnre. mid ihns in:ieeessi1de to the 
it ImnIv of Atnerican M'holars. The field of resean-h i> s^ireilily narrow in;; ht'canse 
b(; raj till change in th<t Indian popniation now in prooi^sx : all hahits. enstoms. 
upiuioiis an* fading away: cv«mi lan«{na;;es are di^:ip)iearini;: and in a very few- 
:m it will lNMni]NisHihh* to Htiuly onr North AnH'ric.'in Indians in their primitive eon- 
cm except fn»in nM'ordc«l hiHtory. For this rea^ni eihnolojL^ie sindies in America 
nld Ik* pnshed with the ntniomt vi<j:or. 

nt then' an' other cogent reasons h*adin;; to the same eontlnsion. In tin* whoh* 
i«if the United States, not inclndin;; Alaskti. tliire is not an impnrt.-int \:il]<\v nn- 
ipietl hy white men. The rajiid spread of <-ivi]i/ation since \!-*\\i li.is pl.-ired the 
tf man and the Indian in <lirect coniliet throiin;liont tin* whole :irea, and the ** In- 
1 Itmhleni*' is thus forced npon ns, and it niimt he sidved, w i.M'ly or nnwisely. 
lyof the diAiciilties an^ inhenMit and esinnot be avoid<Ml, hnt an i-tpial nnmher are 
iWWNirj' and an* cans«'il hy tin: lack of onr knowled^^e rehitin;: to the Indians them- 
'<*. Savagf-ry is not inchoate ci\ili/atiini : it is a distinct status of society, with 
ran institutions, customs, philosopliy, :ind i-i'li<;ion; and all theM> nnist necessarily 
>vmhniwn hefon* new institutions, customs, philosophy, and rili;;ion can he intro- 
<hL The failiin^ to nH'ogni/i^ this fnct has wrought ineoneei\ah]e mischief in our 
i%{^in*Mit of tlie Indians. Vnv the proper «>]ucidati<ui of this statement a \olnme 
••a-wan', hut I shall have to content myself with some brief illustrations. 
ijum^ all the North American Indians, when in a jtrimitive condition, pcrson.'il 
petty was nhnoNt unknown ; <irnann*uts and cdotliinj:: only were rceonrni/rd a> the 
lieHy of the individual, and tln-sc only to a Hmitecl extent. Tin* ri<^bf to ili«' s«iil 
auulwl pTO|>«*rty, the rij^ht to the | nod nets of tlir eb:ise, iVc. wjis inheient in the 
HyordHU, a iHxly <tf consan;;uinii. :i ;;]oup nf re1;iri\es. in some eases on the male 
'« ill others on the fcnnile. InherilMme wns nf\er ti» rbe eliildren of tin* dcceas4'd 
always to the ue US. No other crime was -^o o;re;it. no ntber vire so ablnuTent, as 
attfinpt of an individind to ns«' for himself that w hirli belou;;ed ti> his i^cus in ctun- 
A; bciiee the iN'rsoinil rijjhts to ])ro])erty ri'i-o«iui/ed in <'ivili/<'ition ;ire iutenstdy 
ioiiiMis to the Iinlian. He looks upon luir w hob- system of ]iri»pert\ rii^hts as :iu 
rmoiisevil uud an unpardonable sin, tnr which the ixods will e\<-iituaily punish tin- 
l^rdand hlas)dienions white man. 

tinu thcHc o]dnions, inlu'rent alike in tbi'irsnii;il iustitutious :ind ii-li;;ion, :M-iscs the 
irnlty which the ;;ov<^rninent has always nn'i in <dit:iiniu<j: the eouseut of tin* Iii- 
(uto the distribution of lamls anion i; tht-m in srveralty. 'i'ribrs have beeii willinn 
'vrcive lauds and distribute them tbemsrlves ;imonii tlnir ijeus. Amonjx those In- 
^ wlio have Imh'u hnii^est in contat't with the white m.iu. as the tribes iu ludi.iu 
"■Ttory and Miiniesota, nnndi pr«)iM'rty 1ms Immmi .-iccuunihited. :iud with the increasi' 
^beir wealth the (juestion of inheriian«'<> and indixidual ownership h:is .-it last spon- 
fotbtly sprunjf u]i, and at. the pri-sfnt timi-rlu'se tribes sue iutrnsely a^iitjiti-il ou t In- 
ject; the })artit*s holdin^r rjidiesil scntimnit^ :ire nipidly iucieasinix. ami it is )M'ob- 
'^tliiit HiMiu, anntn^ these tiibrs. (hr iiisti)ms of ri\ ili/.atiou in this respert will hi- 
TM Ann>ii)j; all other trilM'.-<. the jiurieut eusr«Mus are still !ulln*r«Ml tti with teii:ji- 
■ In this matter, and many (»ih« rs of a similar eluir:ieter relatiu;; to their customs 
» Wlief, we nmsT either deal with the Indian m>. In* is. looking to tin- >li«w- but irre- 
*Hle hitiuence of civili/:iti<ui with whi<:h lu^ is in routjn-t to i|V«m1 ;i rh;Mi;;e, or wc 
'*triHhn?e him to abject slav« ry. 

^ w attempt to trasisform a s;ivai:«' iut«» a eivili/.nl m:in b\ :i l.-iw. ;i poliev. an ad- 
'JWration, throu;;;!! a threat couvt'isinii, ••nsiuthe tw inkliuu of jiu « ye."«u' iu montlis. 
**atVw years, is an impos«*ibility eU-.irly :ip)u-e< i:iti'd bv .-lifuliiie ethnolojjists who 
*»^and the institutions and social <*ondition <»f the ludiiins. This i^reiit tact h:is 
t in j^.Q,.r^l inn-u properly vt'tn'^w'i/.rd in the .'idministratifm tif Indian atf;iii>4. A few 
'H^wist.T missionaries, and a lew othi-ersiif tin* Indinn Hurraii Inivi' ri'coi^ni/.ed s«nne 
'm moH' imjH)rtant faets, but in j^iMnral tlu'y luive been ii^nored. 
'*8'*i'i, we have usually attemptr'd in treat with tribes throu;;h their chiefs, as if 
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tliey wielilc'd {i])s<»lutc powrr ; luit nil Iiidiun triho in a piiro domoi^rnoy; their cbief- 
tiiiiK'.v is iu>T luTfilitary. aiul x\\v eliirt'is but tlu*r«'pivsi»ntativo, tlie «pt»aker ofthe tribe, 
and (>nii do iKi iU't by xnIhcU Iiis trilu* is hound without hein^ in.striurted thu8toact 
in duo and rstahlishcd form. Th(» hhinderH wo havo uumIo and tho wrongs wo have 
inllii'ti'd u]H)n th*^ TiidiauH hocauM) of a faihir^ to n'co^ni/c thi8 fact havit been cmel 
and inrxciisablo, <'\c(>])t on tht> ground of our ipioranre. 

Within th«* I'nitcd JStat«'s thi'ri^ arc altoiit sixty railically distinct storks of ludians. 
The liistorv of the conntrv shows that no coalition ]>otwccn trib«*s <»f diticreiit stocks 
has «?vcr been su«"ccKsfnl ; a few have Imnmi attempted, but thcs** have been faihires. 
A kuowhMljxc of this fact, and th(^ farther knowh*d^e of the extent of the Hcveral 
Mt«»cks as they can be classi*fl liy linguistic; atlinities, would be of jijreat value iu our 
administration of Indian atVairs. In tlii>hite\<-/. iVrcCMar much fear was entertained 
lest tlie Slioshones and Tai l.'tes of I'tah and Neva<la would join with the Nez Pero^ 
in their revolt, and tbe tithcei-s of the Army, as well as tln»si" of tin* Indian OHice, wei« 
exce4>din^Iy anxious in re<;arfl to this matter; and the ]iapei-s were tilled with riiuion 
that such a ('oalition hail b(>en made; tin* result ])i'oved, what had been eontidently 
]>ivdicted, that Uf) such allian<'e could be fonned, ami the Shoshmies and Pai Uteswen 
enlisted to tij^ht a^^ainM the Xez pen'«<s. 

I mi;xht continue to illustrate the subject in many ways did time iM'rmit, hut tli6 
fon»;;oin;X nnist sutlice. 

I think it \\iil be apparent from what I have said that a thorough investigation 
of North American etbiu)lojry would be »>f ;;reat valiii* in our Indian Olh*M'. Theivaswus 
whicli I ha\e brielly s<'t forth as intlucn<'injx my opinion that the jr^neral j;oveninient 
should ]>rovide for resean'lies in this tield liavi' for nmny years, to a ^n*a(er or lees 
extent, bi'eu reco^rniyj-d Uy ('on;»;n'ss. Twice in the history of h-^islation in thisconntry 
>\e tind that ]irovi^ion iias been madi>, by appro])rialions. for this work, and it has 
betMi discontinued each time only becauM' the character td' tht> researches made failed 
tti obtain the coiitidence and rcs]ie<'ti alike of statcsm<>n and scientists. I therefoxe 
submit tbe o]»inion to tli<> committee that it would be Avise to it'commend to (^oug:ress 
the continuation of researches in this tii'ld. and consider in so doinj; under what 
siipervisiiui it should In* j»la<'ed to secure w isdoiii and «'tHciem'y in the pros<*cution. 
Looking to this «'nd, 1 would su^^nrcst that the Smithsonian Institution has accum- 
j)rished, in this direction, more than any or all otlnT a^^encies. 

With resp<'ct to the last part of the impiiry. relating; to tln^ distribution of piihllca- 
tions, permit iiit* to e\])ress the opinion that, in adilition to the numlN*r ot n*ports 
usually oidi'red by ('oiiH^rcss for the use of its members, which ex|H*rienee liaii shown 
an* in the main wisely distribute<l. an additional number should be published to be 
distributed amou<r institutions of learning and public libniries of the Ignited States 
an<l to scieiititic bodies throu;:bout the world for exclianjj^e, ant I a snitahle niuuber 
«)f extra copit's ti> be sold at cost id* ]ia]M'r, press-WiU'k, ami binding to i>ersonH wbo 
ilesire them. This a\ ould make t he ]Mib]ic:it ion ot' the surveys a«-cessible to the M'holail 
ofthe country at rcasitiiabie rates without detriment to the public i^^vennes. Pi^niiitme 
to point out the fact that the ]U'esent' provision ha\ inir the sanu' iMid in view is practi- 
cally ino])erativi>. b(>cause the work must be (udered befoit* publication, and hence 
belbre the fa»'ts in ndation to it are known. 

in the above Htatemeiit I have attempted to recfunmend no s]iecitie ])lau of or^aniESr 
tion or specitic method of survey, but have attempted sim)>ly to set fonh some of tbe 
more important economic considerations which sluuiM r«'ceiv<* attention, lielievinf; tbst 
all scientilic aspects will receivt> due consideration and that uitMition of the atuno by 
jnyselt wimld b«* iiniMM-cssary. 

It is a matter of profouinl ;<:ratilicatiou to me that Con^ivss has siibuiitte4l this im* 
]K)rtant <|uestion to the consideration ot' the ImmIv of learned and wis<» men who eompiNe 
the National At'adi'uiy of Sciences, and I am dee]>]\ im)U'esscd with the honor which hsS 
Imh'U contcrri'tl in callin;; upim me fi»r this ><itatemeut of my views. 
I am, with ;;reat respeel. \our (tbedient servant. 

J. W. I'OWELL. 

Hon. ('.\i:i. Sc'iii'i:/, 

•\rn lani III tin liit<rUn\ 
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NENOIRE 



SUR 



LIS PROPRlM UmVUm DU BOIS. 



Lie but de ce travail a ete d etudier les propriet^s incca- 
iiic|ues de quelques bois indigenes sous le point de vue theo- 
'"ique et pratique. Nous en avons recherche successivement 
les lois g^n^rales , la marche dans les individus et les va- 
'"iations dues a des difl^rences d'espece, d'ige, d'exposition 
^t de provenance. 

Ce Memoire se divise en cinq parties : Vhistorique de la 
question, la description des appareils et le detail des expe- 
^^nceSy le calcul des experiences et la discussion des me- 
^^ades empliyyeeSy celle des resultats trouues, et enfin les 
conclusions. 



PREMlfeKE P ARTIE. 

Historiqiie. ^ 



Les premiers auteurs qui ont ^tudie les proprietes meca- 

*^*C|iies des corps ne se sont occup^s que de la cohesion et 

^^ la densite , ainsi que tlu rapport entre ces deux pro- 

t^^ieies. La recherche exaclc de Telasticite n'est venue que 

l^'us lard , et seulcment dcpuis ipie la definition de sou 



coefficient a ete introduite dans la science par Young et 
Tredgold. 

Relativement aux bois, les aateurs aont tellement en des- 
accord sur les points les plus essentiels, que, pour en donner 
une id^ exacte, nous ne pouvons mieux faire que de citer 
textuellement leurs principales opinions, et de reunir dans 
un^tiil laUeau let rtokaU num^riques auxqiaeb ils aont 
arriv^ pour la denait^ , )a cok^ion et le coefficient d'^as- 
ticit^ des diff(irents bois {voir tableau n** I) (i). 

Parent (Experiences sur la resistance des bois de chSne 
et de sapin , Memoires de T Academic des Sciences, 1707 et 
1 708, page 5 16) trouve que a la force moyenne du sapin est 
» k celle du chtee environ oomme 358 est k 3oo , ov eomme 
» 119 i loo. » 

B est bon de remarquer que la plupart des expMenees 
de Parent ont it6 failes sur des chines tendrea. 

Mnsschenbroeck (IntroductioadphilosophiamnaiMinUemy 
Lugduni BataTWum , 1 76a , tome I ) : 

Page 409* «ffii partie des arbres qui regarde yen le nord 
» est compost, pour la plupart d'entre eux, mais noB pour 
M tons, d*anneaux phis minces, le froiddu nord emp£chant 
)i Taocroissement et le d^yeloppement de la v^Uticm ; la 
» partie expos^ au sud se compose, au contraire, d^an- 
w neaux plus larges et plus ^pais : mais j'ai vu quelquefoi» 
» le contraire .... 

ins toutes mas experiences, j'ai obtenu les r^suluts 
rants : la coh^on du coeur de Tarbre est la plus 
le.. .. A partir du cceur, la coh^ion est moindre dans 
Y) toute la partie e^posee au nord que dans celle expos^ au 
)> sud) la coh&ion de la partie expos^ a Touest est inter- 
» m^iaire entre ces deux premiires, et la plus grande se 
» trouve dans la partie expos^ a Test. En outre | si Ton 

(i) Nous ne citeroat iei que let autenn qui m tont tptelaleneiit occupy 
«!•§ propri^t^t ro^aniques <let boit. 







( 3 ) 

» jQit le bois a partir du coeur jusqu*a la circonfiirence, 

» duos ces quatre directions , le bois le plus solide se trouve 

» dans un l^ndroit interm^iaire entre T^corce et la moelle , 

» et la partie la plus rapproch^e de I'aubler d^passe de beaii- 

» ooqp en lolidiuS les parties les plus proches du coeur. 

» II n^j a presque auciine diffifrence de coh&ion entre 

>» les parlies ks pliis (Sbsvies du tronc plac^ k Torigine 

>» des Imrndbes, et entre les parties voisines du sol; la co- 

» li^on ne di£Efcre pas non plus dans le tronc et dans Ics 

» liranches. Je sais que plusieurs physiciens out adopt<$ uue 

i» opinion eontraire ; ils pr^tendent que le coeur de Tarbre 

i» contieQt le bois le plus dur et le plus ferme ; qu'i distance 

» egale in coeur , et tojut autour de lui , le bois est plus 

» faible , mais de mftme coh^ion , et que I'aubier est la 

^ pirtie la plus &ible; mais je cite simplement ce que 

^ m*ont appris les experiences sur nos arbres. . . . 

n n y a anssi une difference suivant la nature du sol : 
4 les aiblres venus dans un terrain satdduoeux sont plus 
» fragileSy tandis que ceux vcnus dans uiHi^ain argileux 
» sDnt pins tenaces. Le bois fraicbement coup^ et encore 
» knraide est plus fort que le mime bois dess^ch^; » 

En gbdnly le travail de Musschenbroeck^ quoique un des 

plos Gomplets , surtout en ce qui conceme les variations de 

oA/Uaa dans un mftme arbre, ne repose pas sur des ex- 

pMenoes asses nombreuses et assez concluantes ppui; jus^ 

tifier entiirement les conclusions que nous venous 

iusti a|OQte»t-il lui-m^me plus loin : (c Peut-^tre uj^ 

» en ^rd k toutes les circonstances qui influei 

» colrfaion des bois. » 

BoAm (OEuinres de Buffon, tome X) : 

Page lo. « Le jeiine bois est moins fort que le bois plus 

» kfjk I un barreau tir^ du pied d'un arbre resiste plus qu'un 

» barreau qui vient du sommet d'un m£me arbre; un bar-^ 

» reau pris a la circonfi^rence, pres de Taubier , est moins 

» fort qu'un pareil morceau pris au centre de Tarbre. 
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)i D*aiIIears le degre de dess^hement du bois fait beaacoup 
» a sa r&istance; le bois vert casse bien plus difficilcment 
» que le bois sec. » 

Page 1 8. « Le bois qui, dans le m^me terrain , croit le 
» plus Vite est le plus fort; celui qui a crii lentement, et 
» dont les cercles annuels , c^est-a^ire les couches li- 
» gneuses, sout minces , est plus faible que Tautre. 

» J'ai trouv^ que la force du bois est proportionnelle a 
» sa pesanteur ; de sorte qu'une piece de m£me longueur et 
n grosseur, mais plus pesante qu'une autre pi^e, sera aussi 
» plus forte a peu pres en m^ine raison. » 

Page 27. « Le bois, depuis le centre jusqu'a la demiere 
i» circonfiSrence de Taubier, diminue de densite en pro- 
» grcssion arithm^tique. . . . 

)) Le bois du pied d'un arbre pese plus que celui du tronc 
» au milieu de sa hauteur , et celui de ce milieu pise plus 
» que le bois du sonmiet ; et cela a peu pres en progression 
» arithm^ique^ tant que Tarbre prcnd de I'accroissement. 
» Mais il vient nn temps ou le bois du centre et celui de la 
)> circonf(£rence du coeur pisent a peu pris egalement, et 
» cVst le temps auquel le bois est dans sa perfection (ces 
» experiences out ^t^ faites sur des arbres de 46 a 60 ans) ; 
» mais, dans des arbres de 100 a 1 10 ans, le coeur nMtait 
» plus la partie la plus solidc de Tarbre; I'aubier est plus 
^) pesant et plus solide dans les vieux arbres que dans les 

Pnes. » 
i8t bon de remarquer que Ic travail de Buffon, bien 
que fait sur une tris-grande ^helle , n'a port£ que sur le 
bois de chine; ce qui ne permettrait pas, ses conclusions 
fussent-elles toutes d^montrees , de les appliquer a d^autres 
especes. 

Duhamel du Monceau ( Tnute de la consefvation et dc 
la force des bois, 1780) : 

Page 5o. (( On doit employer des bois sees. •. . i» 

Page 56. « Mais il faut une petite quantity d'humidite 
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>» poor qiie les bois soient durs ^ d'ou je couclus que les bois 
» trop sees ne pea vent pas ^tre d'un bon service. » 

Page 65. « Le bois qu'on preud dans le pied d'un arbrc 
» est plus pesant que celui de la cime. » 

Page 71 . « Le bois vert diminue de un tiers de sa pesaa- 
n teur totale pour £tre r^put^ sec au point de produire le 
» m^me effet qu'un hygrometre. » 

Page 264. ft Tl paralt que Textraction de la seve des bois 
» De doit point leur faire perdre de leur force ^ puisque la 
» s^ve du bois ne peut augmenter la foi'ce qui depend du 
n oombre et de la solidity de ses fibres; la seve rend les 
« fibres ligneuses plus tendres et plus ais^s a romprc. » 

Page 378. « C'est encore un fait av^r^ que leurs couches 
1) (les couches ligneuses des mats qui ont cru dans un pays 
» ti-es-froid et qui sont de quality sup^rieure) sont plus 
» minces et plus rapprochees les unes des autres. » 

Page 4^1. a Quand les arbressont vigoureui et qu'ils 
I) vdgitent encore avec force, c'edt le bois du coeur qui 
» est le plus dense, et dans les gros arbres qui commen- 
» cent a entrer en re tour, le bois du coeur est sou vent 
» plus l^er que la couronne qui est entre le coeur et la 
» circonf(£rence ; de sorte que le bois acquiert pen a pen sa 
» densite, et qu'il la perd pen a peu quand il a passe le 
9 terme de cette plus grande density. » 

Page 438. « Les terrains qui sont les plus propres pour 
» former de beaux arbres ne sont pas ceux qui les donnent 
» de la meilleure qualite. ')> 

Page 458. <c Dans ces gros pins (pins du Nord de 260 ans 

» environ) , le bois qui a le plus de force est celui qui, en 

» divisant le diamitre de Tarbre du centre vers la circon- 

» ference, jusqu'a Taubier inclusivement, en six parties 

» egales, se trouve dans la cinqui^me partie; mais on 

» confoit que cela est sujet a varier suivant bien des cir-c. 

»i Constances. » 
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Les trois auteurs dont nous venons de citer des extraits 
i^ont presque les seuk qui se soient oecup^ des diffi^rences 
de densil^ et de cokMon , existant dans nn mtme arbre , et 
de Tinfluence du terrain. La divergence de lenrs opinions a 
laiss^ ces grandes questions ind^ises. Elle est peut-£tre due 
en partie au pen de Constance et ^ precision dont les exp^ 
riences de rupture soi^t susceptibles. 

Nou$ passons sous silence les recherches que Duhamel 
a faites sur Tinfluence des fentes , et sur celle que le rapport 
entre la compression et Tallongenient des fibres exerce 
$^ la r^istance totale des pieces soumises a la flexion. 

Les auteurs post^rieurs se sont surtout occup^ de T^tude 
d^ Tdlasticit^ des bois. 

CArBTd{TraUede la resistance des solides, 1798, p. .i83), 
d'accord en ce pc^nt avec Perronet (OEuur^s de Perronety 
1782, tome I, M^moire sur les pieux et pilotis, page 93), 
coudut de Tensemble de ses experiences, que Telasticit^ du 
cb^ne est k celle du sapin comme 63 est k Jij : il dit , du reste 
(page 159), que la continuity d'action de la m^mecbarge 
augmente la fl^be de courbure -, ce qui ne pent , suiyant lui , 
avoir lien , k moins que T^lasticit^ ne s'alt&re et ne perde a 
^baque instant une certai^e portion de son Anergic. 

B^lidor (Architecture hydraulique^ 178a), Rondelet 
(Art de bdiir, 1814)9 Barlow (Essay on the strength of 
timber, 181 7), Ebbels et Tredgold, dans plusieurs 6u- 
yrages de ce dernier, et surtout dans VArt du charpentier, 
out dftermin^ la density , la cohesion et le. coeffici^it 
d'^lasticit^ pour un grand nombre de bpis d^espices et 
de provenances differentes. 

M. Cbarles Dupin (Experiences sw laJlexMUie, la 
force et niasticiie des hois. Journal de T^cole Polytecb- 
nique, tome X, 181 5) a public un grand travail sur les 
propriet^s mfcaniques des bois. M. Dupin rechercbe la 
nature de la courbe ^lastique , la position de la fibre inva- 
riable^ il v^rifie les formules qui expriment les rapports 



(7) 
entre ks dimenaiant dei pitees, les poicU appliqu^ ^ les 
AMkb produitei. 

Page i42- n prouve que « ks courbures des bm, pro- 
» dniles pur des pinds trfa-petits, sont prqportioBnelles 
» i ces poidt^ n el, page i5o, il condut d'vn tableau 
comprenaiit le cbftne^ le cjprte, le hfttre et le sapin^ « que 
» leB peaanteiirs apMBques crossaent en rnftme tempa que 
w lei fdaistanoea k la flexion, mais eroissent beauooup 
« mains, n 

Page 194* M« Dnpin fait retnaiquer que « les forces 
» qu'il fatal cBtpkyer pour amener les bois au point de 
» rapture n'ioiit ancune relation ndcessaire avec les forces 
» qui prodnisent la flexion des bois. 

» Ainri qa^ues eqiices v^g^tales opposent tres-peu de 
» r&istance a la flexion el beauconp k la rupture : tek 
« 8ont le btere, le noyer, Torme, le sapin, etc. Qaelques 
» espices, an oontraire, opposent beauconp de r^istance 
i» a la flexion 01 beauconp moins k la rupture proportion- 
» Bdlement: tels sont le cypr^, Tacajon, eUk D'autres 
» enfin pn^MBntent a la fois beavooup de rMstance k la 
« flexion et k la rupture : tels sont le pin de Cf^ne et le 
» chteie. a 

Ge d ass cBi ttit conduit M. Dupin k indiquer le meilleur 
fmfioi de oea dif££rentes espices de bois dans la pratique. 

Bevan {Phihsophical Transactions, iSap) s'est surioat 
ooei^ de la determination du module d'^asticit^ au moyen 
de la iarskm. 

Safari {MSmoites de FjicadSmie des Sciences, i83o) 
s'm serri des lignes nodales produites p«r les vibrations 
9mmm de plaques coupes , sni vam diflKrentes directions , 
dans un m&me morceau de bois de hitre , pour determiner 
let difffrenees d'^lasticite et la position des axes d'dlaslicit^ 
dttsle bois. 

Q fail renuirquer, page 4^4 « <^ ^p^ 9 ^^ns ks bois ou les 
|» couches annuelles sont a peu pres cylindriques et con- 
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» centriques, Telasticite est sensibleiinent uniforme, sui-* 
» vant toutes les diametrales dWe section quelconque 
» perpendiculaire a Taxe de la branche. », 

Page 4 1 7- « Chaque verge peut faire entendre deux 
» sons pour un m^m^ mode de division , selon que Tebran-^ 
n lement a lieu suivant sa largeur ou son ^paisseur ; mais 
» lorsqu'elles sont tris-minces , la difSirence qui existe 
» entre eux est assez l^ire pour qu'on puisse la n^liger. » 
Savart admet trois axes : le premier, parall^e aux 
fibres ; le deuxiime dans le sens du rayon , et le troisi&me 
tangentiel aux couches ligneuses; et il trouve, par des 
experiences &ites sur de petits barreaux pris dans le sens 
de ces trois axes, que, si Ton prend pour unit^ la resistance 
a la flexion, dana le sens de la tangenie, elle est de 2,26 
suivant le rayon , et de 16 suivant Taxe, 

Suivant M. Wheatstone (Philosophical Trunsofitions , 
1 833 , page 608) , a si Ton prepare une plaque de bois de 
» maniire a ce que ses fibres soient paralliles a Tun des 
» c6t^s, les axes de plus grande et de plus petite ^^aaticite 
» seront rectangulairement dispose et parallile^ aux c6t^ 
» adjacents.... 

» Si la plaque de bois est un rectangle dont les cdtes 
» soient en raison inverse des carres de leurs resistances a la 
)> flexion , les deux modes de vibrations paralliles aux c6t&, 
» quoique leurs longueurs soient difiiirentes, seront iso- 
>» chrones, et lenr coexistence donnera lieu a une fiigurc 
» r^ultante ayant des lignes parallMes k la diagonale. n 

On pourrait done , en recherchant par tatcmnement les 
longueurs relatives k donner a oes c6t&, trouver le rappori 
des coefficients d'^lasticit^ daps deux directiims perpendi- 
culaires. 

M. Poncelet (Micanique industrielle, iSSp, page 3i6) 
cntre dans des details tr^s-complets sur Telasticit^ des bois, 
et surtout sur Ics experiences par allongement. II fait voir, 
(I'aprcs les experiences dc MM. Minard et Desormes, ct 
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celkide M. Aitknt, que, pour les premieres charges, les 
al fcm g em epta scmt sensiblement proportionnels aux .efforts 
de tennoii, et il calcule, d'apr^ ces alloBgemenls, des 
coeflkients d*dasticit^ qui sont compris dans notre tableau 
n«I. 

La limite d'^lasticiti^ pour le ch^ne , d'aprte les expe- 
riences de MM. Minard et D^rmes y correspond k une 
charge de 2*^^,13 par miUimitre carr^ , et a un aUongement 
de 0,0016 de la longueur primitive. 

Cette limile pour le sapin des Vosges, d*apris les expe- 
riences de M. Ardant, correspond a une charge de I'^'^SS 
par millimtoe carr^ , et & un aUongement de 0,001 17. 

Ces divers r^sultats concernent Telasticit^ dans le sens de 
la longueur des fibres , et, en les rapportant , M. Poncelet 
exprime le voeu que des recherches analogues soient faites 
rdativement k la resistance elastique dans le sens perpen- 
dicolaire et dans le sens tangentiel aux couches ligneuses. 

D'aprisM. Eaton Hodgkinson (Combes, Exploitation des 
Mines J tome I, page 55o) , un raccourcissement de 0,0027 
dels longueur primitive des fibres, dans un prisme inflechi, 
altire tri»-notablement Telasticite. 

M. Hagen (Annates de Poggendotff, t. LVIII, p. ia5) 
a etndie Teiasticite de plusieurs espies de bois par U flexion 
detringles prises dans le sens des fibres et perpendiculaire- 
ment a celles-ci. M. Hagen n'a trouve aucune diflerence 
ln<9i grande entre le bois de coeur et Taubier ; il a , du reste , 
J'ceomiu C[ue le coefficient d'elasticite diminue consid^rable- 
ment lorsque le bois est fortement mouille. 

MM, Paccinotti et Peri (// Cimento, 3^ ann^e, i845) ont 
paMie^ poaterieurement a I'^poque ou. nous avions com- 
mence ce travail , des recherches precises et 4^tlSU4ei sur 
r^sticite des bois, dans lesquelles ils ont eu specjalement 
poor but de comparer entre elles les differentes metbH^ 
que Ton emploic pour la determinatioii^.dd't coefficient 
il elasticite , ct dc verifier si Ton retpouve fmir les boi$ lee 
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changements de forme successifs sous des charges crois- 
santes , et les rapports entre la density et le ooefficieni 
d'^laslicit^ cpe l\ui de noiu amt dijk d^rmin^ poor le 

Ces physiciens ont op^r^ par les trois mAhodes de k 
flexion, de rallongement ei de la torsion, sur des tringles 
de bois icarr^ de 27 a 36 millimetres de c6ti. 

. Leurs experiences pour la flexion ont ^t^ faites par cinq 
proc^& difi<$rents : 

i^. En snpporunt les extr^mit^ des cringes par des 
coussinecs de pierre ; 

a**. En pla^ant ces extr^mit^ snr des ponlics de bronze 
mobiles autour d^on axe horizontal ; 

3®. En les pl»(ant solr des cylindres fixes en lailon ; 

4*. En ajoutant anx extr^it^ des trin^es des plaques 
m^talliques mobiles autour d'un axe 9 port^ lui-mtaie par 
un tftrier suspendn k des cfaalnes; 

5**. En encastrant solidement Tune des extr^mit^. 

Ces auteurs ont mesur6, sous des charges croissantes, les 
allongemenu tant <$l|istiqaes que permanents , lea angles de 
torsion successifs, et, dans les experiences de flexion , les 
ordonneesoorrespondantes aux diffiirents pdnts de la tringle 
prise poor axe des abscisses. 

Dans la seconde part ie de leur travail, MM. Paocinotti 
et Peri comparent les chiffi'es resultant de leurs experiences 
avec ceux qui se deduisent des formnies connues, et dier- 
qhent k etablir une relation entre la densite et le coefficient 
4'eiasticite des bois qu'ils ont examines. 

Da arrivent ainsi aux conclusions soivantes : 

« i^. L'eiasticite prodnit , dans les diffiirenlea parties des 
» bill , '^Ai^ changements proportionnels aux forces em- 
» ploye^s , non-seulement potlr les premieres charges , mais 
» aussi pour celles qui sont tr6s-voisines de la rupture - 
u poumi qn'on. ait soin de ne pas comprendre , dans la 
» m^sure de fllasticite , Talteration permanente due, soi 



{ " ) 

» a k tBoUene de la anbstance , ^it .a la permanence de 
» hdMrge. 

> a^« Les covriKi qjae pretitient les bois encasir^ par 
» ane eztrteM , tottiet ckotes ^les^ d'ailknrs , ne sent 
» pas les mAmet quecdks que prendraient les mftmes bois 

> sottteBUi am deux extnkniuSs ; ce qu'il faat attribuer a 
» la r<actk» des fibres dans les deux brandies o^Kis^. 
I CepeBdam la m^me thterie pent serrir 4 determiner ces 
B detiz geaxm de oourbes , pourvu que , dans Tint^ration 
» de r^qoation diff&renlieUe , on ait ^ard a la d^termi- 

> natioii des oonstantes (dont la valeur depend du d^^r^ 

> defixit^ de rtncastrement). 

» i9. Les diffiSrences qui se sont pr^nt^ dans la de- 

> teraiinAtion dtt coefficient d'^lasticit^ disparaissent pres- 
9 fie comjAtftettent , si Ton d^igne par ce nom \^ quan^ 

» U*ti E' = g; E ^nt la yaleur geniSralemeht admise jus- 

\ > quid pour le coefficient d'^lasticite, et G le poids sp^i- 

> fi^. 

» 4^. Le coefficient d'^lasticit^ E' est, en g^n^ral, 2000 

> ptr millimicre carre de section ^ quoiqu^il y ait quelques 
» diffifirences entre les diverses esptees de bois. 

» 5®. On peat d^lierminer le coefficient d'^lasticil^, non- 

* lealciiient par i^allongement, mais encore par la flexion 

* et la torsion ; mais on obtient par ces diffiirentes m^ 

* thodes des Taleurs diffiirent^, et, pour les ramener a 
^ m adbne cbiffre, on aura a determiner dans c^que cas. 
^ on coefficient constant dependant de Top^raticm elle- 
^ mtaie* 

» 6^. La m^thode la plus facile pour obte^ir le coefficient 
"^ d*dasticite est de soutenir le solide par les deux extr^- 
^ mit^ et de le charger par le milieu. » 

Les tebsenrations de MM.. Paccinotti et Peri paraissent 
^^usi exactes qu'elles pouvaient T^tre sans Tempioi du ca-\ 
^Vetomitre : aussi la loi des changements de forme con- 
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tenue dans la premiere de leurs propositions est-elle par- 
faitement conforme k ceUe qni a lien ponr les metaux. 
Mais il reste quelque inoertitnde quant anx coefficients d^- 
duits de ces experiences et qnant k la comparaison des m^ 
tbodes entre elles^ car ces anteurs ont n^glig^ de tenir 
compte, tant de lapartiede Tarbre dans laquelle les tringles 
avaient ^t^ prises, quedu degr^ d'humidit^ de celles-ci dans 
lea dif!!^rentes experiences auxquelles elles ont ^t^ sou- 
mises. On verra , dans la suite de ce travail , que T^astidte 
n'est pas la m^me dans toutes les parties d*un arbre, 
qu'elle change notablement avec le degr^ d'humidite , et 
'/^* que cette demiere est elle-m^me tr^rvariabl^ dans des 

tringles minces comme celles dont les auteurs se sont servis. 
Les resultats des observations que MM, Paccinotti et Peri 
ont faites dans diflerentes conditions sur un m^me bois, et 
de celles qu'ils ont faites sur diverses espices de bois, ne 
sont done pas tout a fait comparables entre eux. 

Nous ferons remarquer, en outre, que, d'apris les for- 
mules connues qui lient entre eux le coefficient d'elasticit^ 
et la Vitesse du son , le coefficient £' , que MM. Paccinotti 
et Peri ont introduit , est une quantity proportionnelle au 
carre de la vites^e du son ; d'ou* il suit que , si E' etait con- 
stant, la vitesse du son devrait^tre la m^e pour toutes 
les esp&ces de bois. Or on verra bient6t qu'elle varie non- 
seulement pour les diverses essences, mais encore dans les 
diffiSrentes parties d'un m^me arbre , et dans une m^me 
tringle suivant son degr^ de dessiccation . Cela s^ comprend 
facilement, du reste, puisque le coefficient d'^Utsticit^ E 
augmente en general, par suite de la dessiccation, tandis 

que le poids sp^cifique G diminue : E' = ^ doit done aug- 

menter a fortiori. 

Nous terminerons cet aper^u historique des rechercbes 
faites jusqu'a ce jour sur les propriet^s m^caniques des bois 
par le resume des opinions des auteurs sur les questions. 



^:%* 



{ '3) 
qui dons QOt para les plus essentielles k r^udre , et qui 
ont aervi^ pour ain^i dire, de cadre aux recherches que nous 
aTODS entreprises nous-m^es. 
Voici ce8 questions dans leur ordre le plus naturel : 

I. Quel est Veffet produit sur les bois par des charges 
successA^nwni croissantes ? D'apres quelles lois ont lieu 
les changements de forme qui en risultent, et quelles 
sent les fnethodes applicables aux bois pour la dSter- 
mination de leurs proprietes mecaniques? 

M. Charles Dopin a d^montr^ la prpportionnalit^ entre if^ 

les charges et les e£fets produits lorsque ces premieres sont 
tris-petites. 

MM. Paednotti et Peri ont v^rifieque cette loi est^ale- 
ment Traie.pour toutes les charges, ni6me ceUes qui sont 
Yoisines de la rupture, pourvu que Ton tietme compte des 
changements de forme permanents. Us ont , de plus , trouve 
que, pour laire concorder entre eux les results ts donnas 
par les difiiSr^tes m^thodes , il faut employer certains 
coefficients de correction. 

S. Ces proprietes varient^elles dans un m4me arbre sui-- 
vant Vorientaiion y c'est-ii-dUfe suivant quune partie 
estexposee h Pun ou a V autre des points cardinaux? 

Musscheiibroeck seul a trait^ cette question , en n'ayant 
igard qu*a la coh&ion \ il trouve qu'elle est la plus forte a 
Test, et qu'elle diminue graduellement jusqu'au nord , en 
passant par le sud et Touest. 

in. Ces proprietes varient-elles av^ec la quantite d'humi- 
dit6 contenue dans les bois? 

Soivant Musschenbroeck et Bufibn , la coh^ion est plus 
forte dans les bois verts que dans les bois sees. Duhamel 
croit, au contraire, que J-extraction de la s^ve ne doit 
point leur faire perdre de force. 

Enfin M. Hagen a trouv^, par la dessiccation , une aug- 
mentation du coefficient d^^Iasticit^. 
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IV. {7tf?5 proprietes varient-elles dans un m^me arbrc, a 
la m^me hauteur ^ en allant du centre h la circonfe- 
rencej et suivant quelle lot? 

Relativement a la density, Buffon a trouv^ ^P^» dans les 
jeunes arbres , elle diminuait en progression aritluiMkiqae 
du centre k la drconftSrence, et qa^k T^poqae de la matu- 
rity, la density ^tait partout a peu pr^ la mteie; mais il 
n'a op^r^ que sur des chftnes. 

D'aprte DuhamelY dans les arbres vigoureuz, la plus 
grande density se trouve au coeur , tandis que, dans les ar- 
bres sur le retour, le bois du coeur est souvent plus l^er 
que celui compris entre le coeur et la circonfiirenoe. 

Relativement k la coh&ion, Mussehenbroeck tronre que 
c'est au coeur de Tarbre qu*elle est la plus faiUe; que, prfe 
de Taubier, elle est plus forte que prds du ooeur^ et qn^eUe 
atteint son maximum dans une r^on interm^diaive : ee qui 
s*accorde avec I'opinion ^mise par Dubamd relatiTement 
aux gros pins du Nord. 

Buffon, au contraire, a trouv^ que la coh&ion <tait plus 
forte au centre qu*i la circon£$rence , mais que oette i^e 
cessait d'etre vraie pour des arbres de loo i i lo ans. 

RelatiTement k I'Aasticite, M . Hagen n'a trouv^ aucune 
diff&nence bien graude eutre le coeur et Taubier. 

V. Ces prapriitis varient-elles y dans un mSme arbre, 

auec la hauteur : 

i^. Dans le sens des fibres , pour chaque couche li^ 
gneuse ou pour la tige de F arbre prise dans son entier? 

Q?. Perpendiculairement aux fibres dans le sens dr -^ 
nt)ron? 

3*. Perpendiculairement aux fibres dans le sens de U 
tangente aux couches ligneuses? 

Suivant Buffon et Duhamel , la density du bois dimim 
en allant du pied vers la cime des arbres. 



(i5) 

MiMcWnbroeck ii'admet pas de diiference sensible , pour 
la cMAoD. J enlre le bois des brancbes el celui de bi tige , a 
qoelque bautenr qa*il ait et^ pris. Suivant BufTcm, au con- 
traiie , la cobMon serait fhia forte au pied des arbres qu'i la 
dme. 

Ce% cte^^ia ne conoement que la cob^on dans le sens 
desfibrts* 

4 

VI. Quel en h rapport entre les propriitis micamques, 
dans h sens de la longueur des fibres, et dans deux 
directions perpendiculaires h celtes^d, i difflifentes 
hauteurs dam Farbre? 

Nous n'avoiis trouiF^, k cet ^ard, que quelques exp^ 
riences dues a Savan et k MM. Wbeatstone et Hageu , qui 
out recbercb^ les mpports entre les diasticit^ k une m6me 
kiiileiir. 

Vn. Quelle est Vinjluence de Fdge des arhres ? 

Nous aTODS di^k cite les opinions des auteurs relative- 
Qent aux cbangements qui surviennent avec Vkge dans les 
fmftUUB vdaliTes des diff^rentes ooucbes. Quant au bois 
1^ dana son ensembley Buffon dit, en outre, qu'il aug- 
QWDte de force avec Tige , mais cette question n*a paa encore 
et^ aypfofandig. II en est de mftme pour les questions 
f noiaiitfea. 

Vlll. Quelle est t influence de tepaisseur des couches? 

Solvent Buflbn, le bois qui , dans le mUsne terrain , croil 
le phis nia est b plus fort; et cdui qui croll lentement , 
et doBt'ka coucbes ligneusea sont pkis miners, est le plus 
faible. 

DiduuBel patiatt fttred'une ofiBieB oiiiiiiaire« H nf^peUe 
^{oe lea pins du Nord, qui sent de quatitii migknmuniy «nt 
<les coucbes ligneuses trAsp^minces : ee <jptt risasixa avsai dea 
"iataresiaBtes recbercbes de MM. Bravais et Martins (/fe- 
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cherches sur la croissance du pin syU^esire, M^moirea 
r Acad^ie de Bruxelles ) . 

IX. Quelle est rinjluence de f exposition ? 

X. Quelle est Finjluence de la nature du terrain? 

D'aprfe Musschenbroeck , les terrains sablonneux p 
duisent des bois moins forts que les terrains ai^ileux ; 
d'apris Duhamel , les terrains qui sont les plus prop 
pour former de beaux arbres ne sont pas ceux qui 
donnent de la meilleure quality. 

XI. Quels sont les rapports des differentes propriete^ 
mecaniques des bois entre elles? 

Buffon a ti'ouY^ que la cohesion ^tait proportion nelle a 
density ; M. Charles Dupin, que les densit^s croissent 
m^me temps que les r^istances k la flexion , mais dans 
moindre rapport. 

Ce dernier auteur a prouv^ aussi qu'il n'y a pas de re 
tion constante entre la cohesion et I'^lasticite de&bois. 

Xn. Quels sont les c/uffres mqyens quon peat admetti 
et quelles sont les consequences quon peut en tirerpc 
la pratique? 

On voit, par le tableau n^ I, que les experiences fail 
. jusqu^ici ont conduit a des resultats assez divergents po 
varier entre les limites suivantes : 

Oeniltt. CottfllGlaBt d'MuUelM. CoMiIm. 

ChAne de o,6i6 k 0,993 de 5oo k 1600 de 5 & i: 

HMre de 0,600 k 0,811 de gSo i i483 de 8 i n 

Stpin de 0,443 i 0,708 de6ii i i6i5 de 5 i s 

Pin de 0,896 k 0,753 de 433 k 1776 de 4 & % 

En admettant mftme rexactitude des m^thodes, ces grand 
divergences peuvent s^expliquer par les conditions dansle 
quelles les observations ont ^t^ faites. 

Quelle qu'en soil, du reste, la cause , elles d^ontrei 
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la a«ee8«i< d'une nouvdle ^uide des propri^t^ , 
caniqiies des bois, en tenant compte de toutes les €ih!on- 
stances qoi penvent les modifier,' et en compl^tant les re- 
cherche dieori<{iiie9 pur des experiences faites an point de 
vue de la patiqoe. 
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Dans oe travail , nous avons recherche d*alK>rd les difi<£- 

rences qui , poor les m^mes bois , peuvent r&ulter des 

▼ariatiqns d*ll^midite , et celles qui peuvent exister entre 

les parties d*un mfeme arbre; puis les propri^t^ mdca- 

niques dans les ajrbres en en tier, en tenant compte des 

circonstances qui peuvent les modifier; enfin, les propri^tds 

mteniqoes des bois de ch^ne et de sapin debits dans les 

formes et les dimensions usit^s dans la pratique. 

Nous de<Srirons sdpardment les mdthodes etles appareils 
que nous avons employ^ pour cesdiff(^rentes recherches. 

Nous nous sommes servis d^arbres yenus sur le revers 
occidental des Vosges y dans les m^mes locality sur les- 
^elles les travaux forestiers de Tun de nous out ddja dte 
Aits. Ces bois out 6t6 choisis sur environ 4 ooo hectares de 
forte, dans des conditions exactement connues et assez 
^arite, ce qui est impossible lorsqu*on prend an hasard 
^^ux qiie Ton trouvedans le commerce. Nous arons suivi 
«iir le terrain tous les details du travail, damaniire a.ap- 
^ner le m^e soin an choix et k la preparation' de&arbres 
^*aux experiences elles-m^mes. 

Les prindpales circonstances auxqiielles nous avens du 
^Yoir ^ard dans le choix des arbres sont, la nature gio" 
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logiqne du sol , la quality du lernin , I'expraition , 
r^ut de la fbctt j el ea outre nous avoBs, pour quel 
qM,' recherche I'iafluenoe de I'abaUge pendaQt 
^iet)t«ii s^e. Lea arbres abattus, et deatin^ am n 
clies th^riqaes, ont ^t^ claas^ (voir 1e tableau d" 11 
vaut la nature g&)logique du sol; chacun d'eux avai 

d'aiUenra, au moment de I'abatage, tin num^ro d'on 
one marque lat^ale deedn^ a faire retronver plus 

la position primitive de I'arbre, par rapport aux j 
cardinanz. 
Ces for£ts sont situ^Jms trois sols diflercnts : li 

voogien, le gtis bigarre et le muschelkalk, dans cl 

desqnels nous avons pa disiinguer des terrains des 

quality suiviDtes : secselarides, fertiles, fangeuz. 
Le gris vo^en, seul, nous a pr^sent^ des expos: 

assei: varies pour en tenir compte, les deux autre: 

rains ne noos ofirant que des plateftux. 
Dans chaque situation difTiirente, et afin dc reche 

quelle ponvait en Hre I'influence, nous avons coup^ 

Gait vosoiiK :. I ch6ne i glands stssiles, 
1 h^tre, 

I pin. 
Gais BiCABKE 1 I ch^e a glands pedoncules, 

I ch^ne a glands sessiles, 

i.h^tre. 
HvafiMEiJiALK : I chtoe ii glands pil'doacules, 

I Wire. 

Pour'reeonnaltre I'mfluenre de lage, nous avons 
dans le gr^ vo^en et dans tme m^me locality, des ; 
de cli^nes, de h^tres et de sapins, de grosseurs ci c 
d iff brents. 

Pfous avons en outre fait abattre quelques individu 
autres essences qui croissent dans les m£mes foi-^is. Et e 
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toosees arbres ayant et^4K>up^ hors seve, nous en avons 
pris qoelqaes autres en pleine s^ve . 

Les cbines et les sapins qui ont servi aux experiences sur 
lespiices de formes et de dimensions coo^erciales (voir le 
ubleau n^ m) , av^ient, les chines, plusieurs anni^ de 
coupe; les sapins, une annee. Nous avons indiqu^ , dans le 
tableau pr^it^^ leur provenance et les differentes con- 
ditions dans lesqueUes ils avaient v^t^. 

En somme, le nombre des arbres abattus pour nos ex- 
periences a ^t^ de 94* 
Savoir : 

■ Gh^ne 3f 

H^tre i6 

Sapin 28 

Pin 6 

Cbarme. 2 

' Bouleau 2 

Acacia 2 

Orme i 

Fr^ne i . 

Sycomore * 

Arable 1 

Tremble i 

Aune ' 

Peuplier i 

Ces arbres , except^ ceux debit^s en pieces conunerciales 
etceux coupes en s^ve , ont et^ , apris leur abatage ,. amen& 
sous un bangar et conserves a I'abri des influence^ atmo- 
sph^riques, afin de les maintenir autant que possible dans 
I'^tat dans lequel ils se trouvaientau moment de Tabatage. 

A. Recherche des differences des proprietSs micanigues 

dans un mSme arhre. 

Cette recherche comprend les questions poshes plus haut , 
^u n" I au n*^ VI-, et il r^sulte de leur tSnonce que, pour les 

2. 



resoudre, il fallait ^tadier les propri^tes m^aniques, non- 
seulement suivant diffi^rentes direcUons dans un mtoie 
arbre, mais aussi a des hauteurs diff(irentes et dans difi!^ 
rentes couches annuelles, en ayant ^ard k leur exposition 
aux quatre points cardinaux. 

Nous aTons choisi , pour ces experiences, deux ch^es ^ 
deux hfttres , deux sapins et un arbre de chacune des autres 
espices* Ces arbres ont ^t^ d^coup^ en billes de 2 mitres 
de longueur, dont chacune, en partant du pi^, a re^u, 
independammciit du num^ro d^ordre de I'arbre en tier, un 
nouveau num^ro indiquant sa hauteur dans Tarbre. A la 
base de chaque biUe nous avons enlev^ une plaque trans- 
versale de a centimetres d'^paisseur, perpendiculaire k Tase, 
et egalement num^rot^. 

Ces billes ont ^t^ refendues a la scie (PL I^fig* 1)9 de 
mani&re k donner trois. planches, dont Tune, comprenani 
le centre, ^tait prise dans la direction nord-sud ,* et lesdeux 
autres, perpendiculaires a cclle-ci , dans les directions est 
«t ouest. Nous designons ainsi les parties de Tarbre qui 
^vaient ^te primitivement expos^ aux points cardinaux 
<:orrespondants. 

Apr^ avoir exactement.compt^ Ic nombre des couches 
annuelles comprises dans ces planches , nous les avons re- 
fendues elles-ro^mes dans toute leur longueur, en suivant 
le fil du bois , de maniere k obtenir des series de tringles 
carr^ prises dans le centre, au coeur m6me de Tarbre, et 
dans les diffiirentes directions, en allant du centre k la cir- 
•conf<$rence, mais toujours dans les mdmes couches annuelles 
pour ^haque direction* Nous avons eu soin aussi , lorsqu^ 
nous examinions plusieurs billes d*un m^me arbre, d^ 
prendre, pour chaque bille, nos tringles dans les m£me^ 
couches annuelles, de maniire a suivre celles-ci dans toutc? 
leur longueur. 

Ces tringles avaient la mime longueur k pen pris que* 
les billes, c'est-a-dire environ a mitres; dies ont etr 
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parfaiiemeiit calibres au rabot eiamen^ touusades di- 
mensions egales. Chacune d'cllt^s a refu Irois num^ros, le 
premier indiquant I'arbre atiquel elle af^rteDait, le second 
lit bille dont die- a ete tiree, ei le iroisiAmeM diatance da 
centre : la Iriugle prise dans celni-ci poruit toujoars le 
a" 1 . Ed ouu-c, chaque tringlc a il6 marqu^ d'une leltre 
indiquant son orienlation. 

On 8 de rn^mc pr!s dans les randelles, perpendiculaires 
i I'ase de I'arbre, deux barreaux, I'lin snivant le rayon 
depuis le ceuti-c jnsqu'a la circonKrence , I'autre daoa le 
»en£ dc )a langente aux conches aonuelles. ' Ces barreaax 
prient te numero de I'aibrc, celui de la bille, et la leltre 
R ou T, indiquant leur position primitive dans I'arbre. On 
[emar({uera que, d'apres les experiences de Savart sur les 
plaques, nous avons pu prendre indistinctement le pre- 
mier de ces barreaux suivant un rayon quelconqoe. Le 
Kcond a et^ coupe le plus pr^ possible de la circonf^ 
rence , et;daos la pariie ou le rajon de eourbnre ^tatl le 
pins grand. 

CfHiune nne partie des tringles derail £tre rompue a I'^lat 
de boia Tert , afio de determiner la coh^ion k ce de^r^ 
dlminidit^ , nous avons ^t^ oblige d'en preparer dea series 
doubles, c'^st-a-dire que dans I'epaisBenr de chaqoe jJanche 
el dans les mimes couches, nous avons toujours pris deux 
tringles immediatement voisines , qui ponvaient done £tre 
considtfrees comme identiquement les m£mes. L'nne de 
ces series a ^t^ imm^iateraeut soamise k toutes les exp^ 
rieaces, mais en partie seulement a celles de rupttire, et 
les tringles , conserve entiires , ont ^t^ deas^h^es a i'4- 
tBT£. La seconde s^rie n'a it4 examine qu'ipr^ qudqne 
lemps de s^jour au laboratoire, en ayant soin de conserrer 
les tringles enti^res, et a ^1^ eusuite dess^bfe a I'airlibre 
eiau soleil, pour 6lre examinee de nouveau. 
Nous avons done etudic les propri^t^ m^caniques dcs 
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(fingtes loagitudinalet datis quatre eUU hygroioeiriquc 
difiifrents. 

1". £ou-v«rt.'!— C'esUinaique nouf «MaigDOiulestrjti^e 
tar le«qa^es nona avqos operi im media tement apres le i&i t 

a". Bois apris tfuel^ue temps de depdt ^u laborutoire. — 
Get tringles, aion que dous I'aTOnB dit plus faaut, ^taien 
resides qaelque lemp au laboratoire , c'est-a-dire dans ui 
local dos et dans dea circoDBtaiice& compl^tement lea mimes 

3°. Bois dessiohe A Pair et au soled, — Ces tringle: 
avaient eti plac^ pendant im mois au moina dans unt 
bAche munte de ckAuis , de mani^re & pouvoir £ire ferm^ 
pendant la noil ou pendant la pluie , et ou elles recevaicni 
I'action directe dn aoteil et dea couranu d'air. 

4". Bois dessichi h I'etuve. — Ces tringles avaient se- 
jonm^ pendant environ qoinze jours dans une £tuve fermee, 
et dont la temperature restait constantment «ntre 4o et 5o 
degr^ centJgrades. 

Voici nuintenant comment nous avons ddtermin^ la 
quantity d'ean coutenue dans ces triugles , en admeltant 
qoe, par suite dea pr^utions prises, I'eUt hygrom^que 
4lait dans chaque caa le mime pour celles tir^ d'uoe mime 
bille, ainii , du reste , que I'un de noua I'avait dija reconnu 
dana dea circ»natances analogues et pour des bois trd»«ecs, 
par dea exp^ences directes sur la dessiccation dea bob de 
cbaufiage. 

'Horn avons pria par doubles pes^ le poids absolu de 
cb^qae tringle dans ces divers itats de dessiccation j ce qui 
nous a donne lea penes d'eau successivemeut eprouv^ par 
chacnne, et qui ae aont trouv^ itre sensiblemenl les 
mifflea ponrlea tringles d'une mime bille. EnlGn, pour trou- 
ver la quantity absolue d'eau contenue dans les tringtesles 
plua sicbes, celles qui avaient ile ptacees k t'^tuve, nou) 
les avons sciies transversalement, de mauiire a obtenir b 
mime quantile de sciure de cbacune; nous avons imme- 
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diatvmeui rccucilli dans un iul«; lres-mii)ce touies les 
scrurcs provL-nant ainsi d'une mt'me bille , el les avons 
placees pendaot plusieurs jours dans le vide sec, apres les 
avoir pr^alablement , el a plii^'eurs reprises, diaulKes a 
i4o degres, juscju'a ce qu"elles ne prtisentasscitt plus de 
perles setuibles. La perie totalc uous a tioniic la i^uanlile 
(Icau fxtnienue dans les hois dcsseches a I'etuve. Nous en 
avons d^uit les (juanlites d'eau contenues k chaque ^tal 
<le dcssiccatioQ , en ajoutant a cette perte Jes differences 
<!e poids que nous avions prealablcment conatatees. Tout 
«a resultals soat reunis dans lo tableau n" V. 

Nous devons loulefois faire observer que les barreaux 
pris dans les deus sens pe i pen dicul aires a la direciion dea 
litres u'oni eii examines que dans un seul etat , celui dc la 
'leuiccatiou spontanee au laboratoit-e. 

Daus cbacun dc ces elais de dessiccation , nous avious a 
rccbercber le poids absolu, la deusii^, la vitesse duson, 
Inloisdel'elasticile, le coeilicient ct la llmiie d'elasticile , 
lallongcment maximum el la cohesion. Les experiences 
oat clc faites dans I'ordre suivant, el sans interruption, 
oliadeviteraulanlque possible tout changcmetit dans I'etai 
bjgrometrique des tringles. 

i". Densite. — Nous uous sommes servis de trois me- 
ihodes diflerentes, suivant qu'elles uous offraienl le plus 
de facilite, el aussi quciquefois pour verifier par Tune les 
rpjultats obicnus par les autres. 

Ainsi nous avons fail quelques determinations a I'aide 
<iu voliimeDomelrc de M. Reguaiilt; mais noire cath^to- 
mitre etant employe a uu autre genre d experiences, nous 
n'avous pris que peu dc deusit^s a I'aide de ceUe metbode. 
Le plus ordiuairement, nous avons employe un ilacon 
bouche, de 5 ceniimeliesde bauleur el de 2 ceutimetres de 
diamitre,. rempli de mercure, et dans lequel nous istro- 
dolsions deux morceaux de la mSme longueur , pris aux 
rxiremites dc ehaque Irittgic , en ayani soiu de lesd^bar- 
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Tjn/uer autant que possiMe des bulles d'air adh^rentes au 
boia. l« puids du mercnre dtfplac^ et celui des moroeaux 
de tringles nons ont servi k calculer la density de cenx-ci. 

Enfin , lorsqoa nous a vons eu Keu de craindre que la den- 
sit^ ne fid pas la nDfeme dans toute la longueur d'une triable , 
et notamment pourlesbarreaux perpendiculairesaiix fibres, 
nons Tavons d^uite dn poids absoln de la tringle on dfi bar- 
reau lout entier et de son y (Jume, Ce demiel* luHnftme a ^te 
d^termin^ en prenant les longueurs sur un mitre ^talon , et 
les largeurs et ^paisseurs, en plusieurs endroits, aa moyen 
du spb^romitre. Les mesures ainsi trouv^diffSraient tris- 
peu, pour les mteaes tringles, par suite du soin ^vec lequel 
celles-ci avaient ^t^ calibrto% Nous en ayops pris les 
moyennes et nous les avons port^ dans le tableau n^ XV. 

2^ . Vitesse du son . — Noua Tayons d^termin^ ^ pour les 
tringles, par la m^thode de Chladni , an moyen du son lon- 
gitudinal : apris avoir mesure exactement la longuemr de 
la tringle. Tun de nous la mettait en vibration, en la 
tenant par le milieu et en la frottant par Tunc de aes extre- 
mity, tandis que Tautre reproduisait le m^me son sur nn 
sonomitre diffiSrentiel , accords exactement d'apris un dia- 
pason normal. La longueur de corde qui rendait oe son 
6tant ainsi trouv^ , nous avons pu calculer le uombre coi^ 
respondant de vibrations, et, par suite, la vitesse du smi 
dams la tringle. 

Quant aux barreaux transversaux, leur peude longueur 
ne permellant pas de leur faire rendre des sons longitudi- 
naux, nous n'avons pu trouver la vitesse du son qu'indi- 
rectement, au moyen du coefBcient d'^lasticit^ diiduh des 
vibrations transversales. 

3°. Lois de rilasticiie. — Nous avons rechercb^ ces lois 
par la m^thode des allongements , en soumettant chaque 
tringle , dans trois degr& d'humidite difKrents (i), a Taction 



(i) Les tringles dess^chees k T^tuve eUient deveuues trop cassantes povr 



(.5) 
de chaises successivement croissantes , ei en mesarant , avec 
lecatb^tometrc, les allongements tant elastiques que pcr- 
manents. Nous nous sommes serv!s , pour ces experiences, 
^e I'apparcil employe prdced eminent par I'un de uous dans 
ies recherches sur Ics metaux et les alliages, et les avons 
conduitesjusqu'a la rupture, en suivant la m^mc marche 
et a\cc les mcmes precautions. U serait beaucoup trop 
long de donner les details de toutes les stSries d'exp^rienccs 
d'allongement que nous avons en a faire. Nous nous 
bornoDs done a en rapporter quelques-unes dans le ta- 
lileau D° IV, vommc exemples de la mani^re dont nous 
avons op^r^ sur toutes les tringles. 

Nous Knot d^terniin^ ainsi i la fois rallongement ^as- 
tiq^e mojTSD ptoduit par une certaine charge, les allon- 
paaeata penOanents snccesaifs, et enfin i'allongement 
Boiiniini. ht premi^ de ces donn^ sert A calcoler le 
cocffiaent ^ et la seconde a trouver Is limite apparente 
d'^Mtidt^. 

tea baimox coop^ perpendiculairement an sens des 
Gbres ^tant trop courts pour £tre sonmis a I'allongeiiient , 
Dons avons en recours a la m^thode des vibrations transver- 
mIoi. En gte^ral, nous nous sommes servia du son le plus 
gnve que rendent des lames libres par les denz bouts , son 
qw Ton produit en tenaat le barreao an point od doit >e 
fonner I'np des ncnids qui existent dans ce mode de vibra- 
tim, et en agissant avec nn fort archet sur le bout le plus 
npproch^. Chacun de ces nqeuds est plac£ i nn qoart de la 
loognear totale, i pariir des eztr^it^. Mais, lorsqoe le 
SOB ainsi prodoit ^taii trop grave pour Sure facilement re- 
prodtdt aur le sonomitre , nous avons employ^ nn des modes 
de vibration donnaht des sons flvu aigns avec trois, qnatre 
et mime cinq noeuds. Si Ton exprime le notnbre de vibra- 
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tjons du son le plas grave par 3*, le6 nonnbresde vibraiiont 
corresponddnis aux auirea sons senmt doiui&, k tr^pei 
prfa, par )es carr^ de )a s^rie des norobrea impairs 5, ; 
et 9. Qnel qu'ah ^ te mode de vibration employ^, neid 
avona done pu eu d^luire le coefficient d'dlasticita au 
moyen dea formules connues. Dans chaque cas, nous avons 
v^rifi^ le nombre et la position des ocBuds au raoyen de 
sable plac^ sur la face sup^eure du harreau. 

Noas devons faire remarquer que les substances btHuo- 
gMies seules rendent toujonrs le m^me son lorsque Ton fait 
ribrer transveraalement nn barr««n carr^, soit dans le sens 
desa lai^eur, soit dans celnide son^paiaseur, taadisqu'il 
n'en est pas de mftme pour les boia. Ponr ccoz-ci, on 
obtient, en g^^al, ud coefficient d'^asticit^ nn peu plus 
fort , lorsque les vibrations ont iti excitto dans le sens des 
fibres, que lorsqu'ellea I'ont it€ peipendiculuremsnt aux 
fibres. Toutefois les difli£rences ^unr pour la plnpart fori 
petiles , nous avoos pu prendre comme veritable aoeSicieut 
la moyenne des deux cbiffrea obteniu dans cbaque cas. 
Toutes les donnees de ces experiences sont r^nieadans le 
ubIeannoXV. 

4°- Cohesion. — Cette propri^t^ a ^te d^terminfe par la 
rlipture des iriogles et des barreanx au moyen de la trac- 
tion, en ayant soin de lenr donner une position parfai- 
tnaent verticale, et de n'angmenter les charges que len- 
tement et sans secousses. 

B. Becherche des proprieies mecaniques dans les arirei 
en entier. 

Ceue recherefae , comprenant les questions deja posee 
n*" V, Vn, VIII, IX et X, pouvait fitre faite, soit sur les 
tiges enti^res, soit sur une portion seulement de ces tiges- 

Dans le premier cas , it eiit iii impossible d'^tudier I'in- 
flucncc de la hauteur, ct il cAt etc , en outre, tr^difficilc 
dc modifier mnstammcnt Tappareil siiivani la longueur, 



tl d'appliqucr <les formules aux lesultals obteuus sur dea 
pieces irregiJiereiuonl couiqucs, coinmc le sonl lee arbrcs 
eaiiers. Si , d'un autre cole, on avait voulu Ics ramener i'l 
we forme r^gullere, on Icur aiu'sit enlevet^n graude partic 
[<s couches exterieures, cu qui les aurait mis a peu pres 
dans les conditions des pieces employees dans la pratique, 
eldunt nous nous sommcs occupesdans la troisi^me parlie 
(li-ce iraTail. 

Nous avons done prefere prendre, pour la comparaisoii 
liej (liiferents arbres cntre eux, des bilies de 2 metres dc 
longueur dans la parltc la plus saiue ct la plus ri^guliere de 
cliaque lige. Quaut a TinllueDee de la hauteur, nous I'avons 
recherche ao moyen de bilies provenaut dun m6me arbre , 
A iliemant avec celles qui avaient precedenunent et^ re- 
tluiles en tringles pour le meuie objet. Ainsi , dans tm arbre 
paiUge en six morceaux, les bilies n"' 1^ 3 et 5, A partir de 
la base , out ^1^ examinees par couches, et les bilies n°* 3 , 
^ ei 6 I'ont ele en enticr. 

Dans ces expeilenccs , nous n'avotis recherche que la 
ihnsite et le coellicient d'^lasticite. En effet, avec des bilies 
<lecette longueur, et quelquefois (I'uii ir^-fort diam^tre, 
ile&t £t6 difficile d'aller jusqu'i la rupture : d'aiUeijrs les 
•ilenra de la limite d' elasticity et de la coh^on d^prndent 
in^ de la maniire d'operer, et sont par leur nature m£me 
Unp pea prases pour devoir £tre prises en coDsideration , 
lonqn'il ne s'agi t que de petiies differences , telles que celles 
•pt noos recherchions dans cette partie de noire travail. 

Les luUes oat ^te ecorc^ et pr^parees de maniire a 
avoir one forme cyliodrique; ce que leur peu de longueur 
a reads iacile , en ne leur enlevant qu'une faibJe epaissear 
de bois & la base. 

La density a etc determinec immedialefnent avant I'ezpe- 
rience , an moyen du poids absolu , de la longueur et d|i dia- 
mitre moyen. Pour trouver cc dernier, nous avons pris, 
avec un cordeau el en cinq endroits dilFerenls, Ja triple cii^ 
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conftireiice dechaqu« bille, afind'avoir ainsidesmoycnnes 
plus exactes. 

Le coefficient d'^lasticil^ a ^t^ d^termin^ par la flexion , 
au raojeu de chaises appliqu^ au milien des biUes doot 
les extr^mit^ poruient sur deux appuis. Afin que cette 
op^tion pikt £tre convenablemeiit faite sur des piioes 
aussi fortes, i) fallail r^aliier les conditions auivantes : 

I °. Avoir des points d'appui assez solidei pour sapporter 
des chaises de |dus de loooo kilogrammes; 

3°. Pouvoit niettre de pareilles charges et les enlever avec 
facility et sans secousses ; 

3". PouToir mesurer les fleches obtenues avec one grande 
exactitude. 

Nous nous, aommes serris d'un puits conique en ma^n- 
nerie, destin^ a un tour vertical , et ^tabli dans un terre- 
plein au-dessus duqoel ^lait plac^ im hangar. L'ensetnble 
de la construction presente ainsi deux Stages : k hangar 
et le puits , s^par& , P/. I, Jig. 3, 4i 5et6,parlaligneai. 
ChacoB de ces Stages a son enlr^ k part et facilement ac- 
cessiUe,' par suite d'un ressaut exisUnt dans le terrain et 
comprii enire les lignes ab et cd. 

Au-dessus du poits, nous avons i>ubli deux piles eii 
pierres de taille portant sur la ma^onncrio , a la partie su- 
pMeare et i la face intericurc descpielles nous avons en- 
castr^ des conssineu en fonte e, destines .i recevoir lei 
extr^milesdes billes et d'un diam^tre plus grand que celles- 
ci. Le lout ilait dispose de maniere k ce qne les billes por- 
tassent de 4 cenliraitr<'5 au moinsa cliaquu exiremite, saii« 
buter coiitre les parois de la picrre de taille. Nous avoii-> 
^tabli dans le puits, pour recevoir les charges, un tr^forl 
plateau rectangulaire_/. aux quatrc angles duqnel euieni 
altach^es quatre chatnes g reunies a la hauteur dii prf- 
mier ^tage par un double ('trier h el ( pouvanl s'accro- 
cher a une forte cbaine a la VaucansoD /, au moyen At 
laquellc le tout elaii suspenclu sur le milieu des biltn. 
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Qiuire cries m, places au fond du puiis sur un pave, 
servaient a soulever 1e plateau , ct deux chalnes de sArele ri, 
scellees dans Ics piles, etaient destinies a soulenirrelrier/i, 
el les grandes chaiDcs g', lorsqu'on voulait changer dc bille , 
et en m&me temps a prevenir les accidents en cas de rup- 
ture imprevue. Enfin , nous avons place un cathitom^tre 
iur uiie lai^c plaque en fonte o, portee par unc forte pou- 
treen chftne p, qui reposait elle-mfime sur le rebord su- 
pe'rieur du puits. L'observateur , place sur la niaconnerie , 
marriere ducalh^tom^lre, au point </, ne pourail done. 
en marchuit, d^raiiger la position du nireau d'eau. 
Les deux ^eraet les chalnespesaiem ensemble i84^",5 

Le pUtean 846''",o 

Vcncinuinieninlcomracntnous avons op^r^ pourcbaqne 
UBe: 

Le [bateau ^tant poiK^ par les cries, et les chaines de sus- 
pension retennes par les chaines de sArel^ convenablement 
ncconrdes, nous placions la bille sur les coussinets, de 
mani^re i ce qne son milien f&t ezactement k igeAe dis- 
tance des denx sapports. Un point de repire indiqoait ce 
milien BUT leqnelnonsposions la chalne Ala Vancanson, en 
ijant soin Cfoe le rep^re reslAt Tisible entre les deux bran- 
ches d'nn mftme anneau. Puis , sans prendre ancnne mesure, 
DOOB accroeliions les ^triers , nous allongious les chaines de 
i&Kt^ , et nous faisions descendre les cries de mani^re Ji 
ceii|ne le plateau et les poids dont il ^uit charg^, et qui 
mieiit it6 approximativenient d^termin^ par un calcnl 
pr6daMe, agissentaur le milien dela bille. Cettedemiire 
prenntainsinnefl^hequ'ils'Bgissaitdemesnrer,etquipoa- 
vait d'aillenrs £tre , on simplement ^lastique, on A la fois 
^lastiqne et permanente , selon la chaise emplo^r^- Afin de 
distingner ces deux esp^s de fliches , et d'avoir la flAche 
eUsticpe qne nous recherchions ici, nous avons toQJonrs 
pris noire premiere mesure sous Taction de la charge, et 
la secoode apris I'aToir soulev^ au moyen des cries. Ces 
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mesures ontM, ainsiquenoiufaTonsd^j^indiqu^, priaes 
au cftth^Unn^tre, sor le point de repire dn milieu de la bille 
plac^ a,iisii bu qne pouible , afin d'^riter I'eflet de la com- 
preasion. Leur difTi^nce noiu doanait direcIemcDt la fl^bc 
dastique produite par le poids de la charge , y compris le 
plateau. £neffet, les clialnei, restant su^ndues i lalulle 
dana I'unet I'aatre cas, formaient un poids constant' sans 
influence aar la difl^rence dw B^bea mesuHea. Toutefois, 
dana deux exp^ences , le poida des chatnes ^tant i lui aeal 
snfiSaant pour- produire la fltehe, ellea cnit dt£ eaajAojees 
comme chaise, etd^cnwh^es pour prendre lasecsodemeaure. 
Tome cette operation, a 6i4 ripitie deux foil aiu cbaque 
bille, de maniire A avoir deiix meanres de (Jia^ae flMie 
^lastique, et k ponvoir en prendre la mojeBne. Oo rem, 
tableau n" XIV, que ces deux flicbes s'accordent Xris- 
sensiblementetrtre elles. 

Oans toutea cef expMencea, noua avons en soin de u'em- 
ployer que dea charges auffiaantea pour produJre de peiites 
fltebes de ■ ji a centimetres, afin de rester dana lea ctm- 
ditiona poor lesquellet les formules connoea out 4ti ^taUies, 
et pour que' lea fl^bea permanentes ue fussent paa trop 
.consid^ables. Et d'ailleors notre instrtun^it donnani 
jusqu'anx centiAmea de millimMre, ces longu^irs de Si' 
ches ^taient suSSaantes pour arriver k des resultataexads. 
Nous avona dA auan teair compte d'une cause d'etrenrs 
qui paratt avoir il6 negligee jusqu'A pr^sent^ lea 'com- 
preasiotis qne aubiasent les supports, quelque r^aistanU 
qn'ils soient, tontes les fois qu'on les aouraet a une cbwge 
consid^ble. Ces compressions peuvtmt^tre de denx eoeIm 
diflerentes, c'esiri-dire disparaltre avec la charge, oujper- 
sister apr^ que cette derni^re a et^ enlev^e. D'apr^ ootre 
mani^re d'operer, celles de la premiere esp^ce seules pon' 
vaient influer sur nos r^snltals. Nous les avons [nr^able- 
ment d^ terming , pour chaque pile, aumoyendepoinude 
repere marqu^ sur les coussineis , ei doni nous avons suiri 
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les cMplaoemente aree le cath^tom^tre, sous des chaises 
croiasantes saspendaes k one bille. Ces compressions , de a 
a 3 millimteres an phis, se sont trouT^es proportionDelles 
aoz poids support^, mais un peu diflfuSrentes pour chaque 
appni; knrs moyennes nous out donn^ les correclions a 
appliqueravx fleches obtenues, corrections dont la gran- 
deur relatite ne permet pas de les n^gliger. 

Enfiii, imm^at^ment apris chaque exp^ence de 
flexion, nous avons d^termintf la quantity d'eau hygroma 
triqne contenu^ dans la bille , sur de la sciure provenant 
d'on trait de scie transversal. Cette sciure, qui repr^ntait 
^plenieiit toutea les couches , a ^te parfaitement m^langec , 
et d^as^hlfe dans le vide sec, d'apris la m^thode d^ja 
dfoite. 

C. Rechen^e des proprietis mecaniques des bois debilefi 
daHs les dimensions usitees dans la pratique. 

Cette partie de notre travail contient quelques exp^- 
rieaees aor des pieces de ch^ne et de sapin , dans les con- 
ditiona dans lesquelles les pr^sente le commerce. Nous nous 
scxanaes senris de planches el de madriers de ces deux 
eqiices de bois , ainai que de pieces de charpente de diverses 
dimcnaiona , depuis les chevrons (pieces de o^^^oS sur o™, lo 
enTinm) jnaqu'aux fortes pannes (pieces de o™,a3 sur q/^^%S 
environ) 9 et sur des longueurs de 4 ^ 7 metres pour le 
chtee, Ql de lo a i4 metres pour le sapin. Tons ces bois 
out et^ ^quarris a vive ar^te, de maniere a pr^enter des 
prismea plus r^guliers que les pieces habituellement em- 
ployees. Nous en avons d^termiu^ la density , et ensuite les 
propriety ^astiques au moyen de charges successivcment 
croistantesjusqu'^ la rupture. 

Pour trouver la densite, nous ayons pris le poids absolu, 
la longueur de chaque piice , et ses autres dimensions de 
mitre en mitre courant. Les nombres qui exprimeiit ces 
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demiireB dsns les taUeanx n'" XVII et XVUI sont les 
moyennea resultant de ces mesures. 

Afin de pouvoir, dans les expMences de flexion , af^li- 
qoer gradnellement et satuseconsses lescliargesBucceuiTes, 
en ^tknt tout danger lorsde la rnpinre, nous avonsrem- 
plactf , poor les pieces , dans I'appareil dont nous noiu ^ons 
senris poor lea billes , les poida ea fonie par des charges d'eaa 
fadles h aogmenter graduellement da dehors, PI. I, fig' 7 
et8. NonsavoDsplac^ sorle plateau, couvenahleinent ren- 
foro^ , deux foudres r de la oonienance de a5 hectolitres cha- 
ctm et desdn^ i recevoir I'eau. line pompe , ploageant dans 
nnooand'eau en dehors de la construction en mafotmerie, 
servaria amenerl'eaaiTolont^dansles tooneaux, dont on 
ponvait ensnite la faire sordr au mt^en d'ua rohinet plac^ 
a )a base. Pour indiquer a chaque moment lea qnantites 
d'cau contenuea , nouff avona ajout^ , jt chacun dee ftrndres , 
on flotteur s portent une tige t gradu^ a I'ar^Mse d'a- 
pr^ le jaugeage des tonneaux. Cette tige roontait jnaqu'a 
r^tage sup^rienr , et sa position , par rapport A one r^e 
fixfe elle-m^me sur le tonneau , donnait le nombre de litres. 
Le pUteau ^it, comme dans les experiences pr^o^dentes, 
support^ par les cries n et attache aux chalnes g-y nuis, 
pour quelquea pieces . d'un petit ^chantillon , J'appareJl 
pr^c^eot eftt 6ti trdp pesant comme premiere duige. 
Nous avoiu,pOur ces pieces, attache I'un des fondresaevle- 
ment aUx chaines, et comme les flftches pHaes 6tai«nt son- 
vent plus grandes que la course des cncs n, nous antnt 
remplac^ les ^triers par un eric i Vis. Cette lis , asses forte 
pour supporter toutesnos chaises, ^it sortie an comsMtt- 
cement de I'exp^rience , et k mesure que le tonneau arrinii 
au uiveati du sol , on la faisait rentrer pour le remonter. 

La n&:es$it4 d'avoir, pour ces experiences , des aj^Hii* de 
distances variables avec la longueur des pieces nous a fiii 
renoncer aux supports en ma9onnerie. Noos lea avons rem- 
plac^ par des piles de fortes poutres en ch^e , irAs-rap- 
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proch^es les uues des autres ; mais il ^tait essentiel de pou- 

voir, a chaque itialant, mesurer la depression de ces supports. 

Poor cela, Dona noUs somnies servis dedeux ^belles gradn^ 

sur ouivre, et munies de verniers qui donnaient les centimes 

dc miUiaiitre. Ces ^belles ^taient porteea par des rig^es u 

fixees dans le jsol , tandis que les verniers etaient attache k la 

surface inCirieore des poutres v sur lesquelles reposaient 

imm^iatement les pieces en experience , el au-dessous dc 

raxedecelle»-cj. La partie sup^rieure des piles en macon- 

nerie eublies pour les rechercbes pr^^entes ayant dii 

^ireenlev^,, nous avons remplac^ les chainesde surete par 

one moafle x attacb^ a la toiture du hangar; elle servait 

afaciliter la pose des pieces, a soulever les grandes cbaines 

et i les soulenir au moment dc la rupture. 

Dana ces'nouvelles experiences, le poids des 

cbaines et de9 etriers eiait de ^ . . 197,5 

Geltti du plateau, de 888,0 

Cetui du foudre ravec son flotteur, de 4 ^6., 8 

Celoi du foudre r* avec son flotteur, de 376,7 

Lorsque le tonneau r etait employ^ seul, on lui ajoutait 
un plancber en madriers boulonn^ pesant 273 kilo- 
grammes; le eric qui rempla9ait alors les etriers pesait, 
avec sesix>uloils, 166 kilogrammes, et les cbaiues 147. 

La xnarche des operations a et^ a pen pres la m^me que 
celle d^rite pr^cedemment. Apr^s avoir plac^ de champ 
la piice sur les supports, on a pris au cath^tomitre la }iau- 
teuF du point de repire, et directement la position des ver- 
niers : ce qui donnait le point de depart indiqu^ par zero 
dans nos tableaux. Ensuite^ selon la force des pi^es, on a 
employ^ comme premiere charge, soit le poids de Tappareil 
vide, soil celni des cbaines seulement; puis on a souleve 
Tappareil, et on a pris de nouveau l^s m^mes mesures pour 
avoir la flecbe totale due a la premiere charge. On a con- 
tinue de la m^me maiiiere pour les difl!§rcntes chafes d'eau 
qne Ton obienait en faisant agir la pompe. La flecbe trouvee 
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dms ckwfue observatioD (kite sou« racUon d'une charg 
se compose de U fi^che daatiqoeet deU fl^che permanent 
doe 'i tiette dtaifei lea mesUres prises d«na I'obeerratioj 
fule imm^aW— cot *pr6» , la (^rge 6unt soalev^e, don 
nenl directemeDt U lUclw pennaaetLle> et la difl!£t«ncede 
deax n'est autre qi^e la AkAe ^laitiqne. I) est i>ien entendi 
que lacorrectitHi d<Hin^ par lea verniers doit £tre appliqni 
s^partoent i chaque observation. 

Dans les chains voisines de la rapture , it y anrait ei 
duiger pom* lesfiommes employi^ k la manoeavre'des erics 
Nous mus somnea <lone coatentfc de prendre b flMn 
totale, ec ks demiArea clurges n'om pa Atre ctHnprises dan 
lea «al«Bk (ails poar ta d^teimination des coefficients d'e 
lasticit^. 

Poor les chevrons , les madriers et lea |Jandiea, lepoid 
seul des chaines e&t d^ja M trap grknd. coiOnie premi^ 
chfti^. Mous avcKtsdonc, Pi. I, Jig- g,«mplo]F<C on ^- 
leau^ char^^ it la main de poids de ao kilogrMnatts, e 
que Ton sonlevait au moym de la moufle x , sanAtl^Qgei 
U poaitiGai des pJAcea. Celles^ ^ient port^ par d(» snp 
ports enlioisKbouloBD^contrelespilesenpiemSjVtassei 
Bolidea par rapport tax chat^ea emjJoyto, poor qoe noiu 
ayons cm ponVoir, dansoe cai senlement, n^iger ded^ 
teraoiiMir la epmpreSBioB des appuis. Cette d^terminatioii 
n'^At, tm reste, condait qu'A des connections inaigniBaan^ 
en egard a la grandeur des flicties Y^tennes. Les plandies 
et madriers, au lieu d'Aire [rfac^dec^amp, I'ont^iplat; 
dn cesle, la marche 6e Top^ation a ^t^ la rafime. 

Dana aucune des ezp^rienoes de cette demiire sitit, 
nous n'avons rech«^lirf la quantity d'eau hygromtStrifK 
contenue dans les bois , puisqu'ils se trouvatent-daiu Ie« 
conditions de cenx habituellement employ^, et qae bous 
avioos d^jjk d^uit d'expMences spMales les coefficienu 
dea variationa dnes k rhnmidit^. 
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TROISI^HE PARTIE. ^_ . 

CT»l«al «lr)i experiences et dlneuNHlan den 
ni^lltodeii. 

Apres avoir d^rit Jcs appareils el ies procedfe que nous 
a¥ODS employ^, nous avons a citer U's formules qui ont 
servi aux calculs ot a comparer enirc eus les resultats don- 
ncs par les ttjirercntps muthodes. 

Quant a la densite , on remarquera que les valeurs ob- 
leoues au moycn du volume dune billc onliire sont g^ne- 
rnlement plus fortes que cellcs qui onl ^ic deduites dcs 
densit^ des tringles el des couches coniposanl la m^e 
iiille. Ccs difKfenccs peuveut lenir a deux causes, Poui' 
pouvoir rendre ces valeurs comparables enire cllcs, il a 
failu les ramener a un dcgr^ d'humiditc constant pour le- 
qnel nous avons choisi 20 pour 100. Or les coefficients qui 
ont ser%i a celie reduction n'ayanl pu <!trc dctcrmiu^s que 
pour des tringles dont les humidit^s variaient cntre 8 et 4" 
pour 100 environ, il est possible que ces coefficients nc 
iofciil pas constants pour des diflerenccs d'humiditc plus 
ransi durables, ou ne s'appliquent pas csactcnient a celles 
des billes. D'un autre cote, les tringles ne representant pas 
la lotalitc des conches dc la bille, la determination de la 
(tensite decclle-ci, au moyendcs densitesdcs tringles, pent 
ne pas 6tre rigourcuse. 

Aiusi que nous I' avons dejii dit, nous avons employe , 
l>our la recherche des proprictcs elastitgues des tringles , 
deux methodes, celle des vibrations longitudinalcs et celtc 
<le rallongement; la premiere donne directemenl la viiessc 
do son, la secoudo le coefficient d'elaslicile. Ces deux quun- 
lilessont liees enire elles par lYquatiou 
„ '■■'/ 
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dans laquelle 

E est le coefficient d'^lasticit^ , 
H la vitesse du son , 
ft la densite. 

Et si I'on prend pour unites : pour la longueur le milli- 
mjktre^ pour le poids le kilogramme, pour la vitesse du son 
la vitesse dans Fair , pour la densite le poids sp^ifique de 
Teau, on a 

(a) logE^slogf'+log^+i.oSiSo. 

On pent done, k Taide de ce'tte formule, d^uire le coeffi- 
cient d'^lasticite des vibrations longitudinales, et, r^pro- 
quement, la vitesse du son de Tallongement. 

Or on sait que, pour les gaz et pour les m^taoi , les nom- 
bres trouv^s par les vibrations sont snp^rieurs a ceuz qui 
r&cdtent de Tallongement ou de la compression. Nous 
avons done dii recherclier si les bois se comportent de 
m^me. Cette verification ^tait non-seulement intfressanie 
au point de vue th^rique; maiselle etait necessaire pour 
pouvoir rendre comparable^ entre eux les r&ultats obtenus 
par Tune ou Tautre des deux m^odes seulement. 

Nous avons port^ dans le tableau n° \n les r^ultats ob- 
^tenus et les rapports snitre les deux coefficients d'^lasticite et 
entre les deux vitessesdu son pour toutes les tridgles qui oni 
^e tra'it^ comparalivement par ces 4eux m^thodes. Le pre- 
mier de ces rapports est evidemment le carr^ du second. 
En parcourant ce tableau, oh verra que, pour les bois aussi, 
les vibrations conduisent a des chiffres plus elev^ que Fil- 
longement, et que la dessiccation parait sans influence sur 
la grandeur des rapports. Nous avons done pu prendre pour 
coefficients de correction les moyennes des rapports trouves 
a dijQferentes humidit^s pour les tringles d'une ni^me bilie. 
Pour avoir lie coefficient d'^lasticit^ que nous appelons reel, 
c'est-i-dire eel ui qui serai t result^de rallongement, iJfaut 
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diviser le coefficieni d'^laslicit^ deduit des vibi^ations par 
le premier de ces coefficients; tandis qu'il faut multi- 
plier par le second la vitesse dii son d^uite de TaUonge- 
ment, poorayoir la vitesse r^lledu son. Ces coefficients de 
correction scmt, k peu de chose prfe, les m^mes pour des 
billes prorenant de la m^e essence. 

Les mteies coefficients doivent encore s'appliquer aux 
resultaifr troov^ JMir des vibrations transversales, car on 
salt que celles-ci donnent les m^mes valeurs que les vibra- 
tions longitudinaies. On en^d^uit done le coefficient d*^ 
lasticit^ r^l au nioyen de la formule 

logEr=log/7+a1o0i + 31og/— 3loga — lof^b-^J^.o^ioH—lo^e, 

daus laquelle 

p est le poids absolu du barreau , 

/ sa longueur, 

n le norabre de vibrations transversales doubles par seconde, 

a le c6t^ de la section suivant lequel on fait vibrer le bar- 
reau, 

b I'autre c6te^ 

i* le coefficient de correction pour les coefficients dlelasticite 
dans la bille dont le barreau a et^ tire. 

Poor trouver la vitesse^ reelle du son, il faut substituer 
dans I4 formule (a) la valeur non corrig^ de log E. 

Nona avbnsd^i expose comment nous avons iii amenes 
i tmpLoj&r^ pour la determination des propri^tes des ar- 
bies en entier et pour la coraparaison des diffi^rentes es- 
sences 9 des billes ,cylindriques de 3 mitres seulement 
delongikeur. Cette disposition permet de travailler sur des 
piioes de .forme r^;uliere , dans leur ^tat naturel et en 
coDservant toi^tes. leurs couches ; mais , d'un autre c6t^ , 
on n'est plus dans les conditions pour lesquelles les for- 
moles ont ^te etablies. On sait, en effet, que ces formules 
ne sont rigoureuscmcnt applicablcs^qu'a des pieces parfaite^ 
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meat homog^Des, taodisque, dan^ Ics arbres , I'^aslicile 
varie de couchc en couchc d'apres udg loi que nous avons 
bien pu reconDaiire pour cbaque b!llr cd particulier, mais 
qui, comme oa le verra plus lard, peuL cliauger avcc lagc 
, et la nature infime dcs arbres. En outre, ces formules n'oni 
encore el^ veri£ecs que pour des bille> d'un diametre pcu 
considerable par rapport a Icur longueur , ct nno pour dr 
forta diamettes, tels que ceux que nous avons renconires 
duis le cours de iios experiences. Nous avons done du uous 
bomer a ne produirc que tie pciites filches, pour nous 
Warier le mains possible des conditions du probl^mc . el 
nous avons cbei-cb^, sur un certain nombre dc billes, i 
contrftler Ics rt'sultats donnas par la llexion , en les com- 
parant k ceux obtenus par allongement sur des tringlei 
prises dans differentcs couches dc ces billes elles-in^mes. 

Les coedtcients raoyens dYIasticile pour les billes onl 
it4 d^duils des il^ehcs trouvecs par la fortnule ordinaire 

dtns laqueiie 

P designe la chai^ en kilograiDtnes, 
a la moiti^ de la diktance des appnis,. 
/ la fliche ^Ustiqoe, 
r le rayon de la Lille. 

Nous avons porte dans le tableau n" XVI les coefficient 
ainsi obtenus el ramen^s it uo pour too d'hnmidit^, » 
c6te de ceux qui, r^sidtani de rallongemcnt des iringles, 
ont ^l^ calcules pour les billes emigres , ainsi que nous le 
dirons plus tard. On voit par ce tableau que , malgr^ quel- 
ques differences, les nombres s'accordent asscz bien poM^ 
qu'on puisse, en general, suivre ceilc marclic, surtout lor*- 
qu'il ne s'agil que dp comparer enire eux des arbres dc I" 
mime esp^ce. Ge r^sultat est encore ctin6rm6'pBr ce if" 
a eu lieu pour des billes priseff a diff^rentes hauteurs ilan» 
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ua Qtede arbre, etsouiuises, lo& unes a la flexion, le^autres 
a ralloiigeinent. Les chiffres trouves suivent^la m^me pro- 
greiiioii , el nie pr^nten^ que des differences d'un ordre lei , 
qn'elles peuveni dtre altribuees a la hauleur dans I'arbre. 

Les arbres reaineux oifrent seuls une ^nomalie remar- 

quable. Tons lea coefficients resultani de Ta flexion des 

biUes, et sortout de celles dont le diam^tre ^tait ie plus 

fort, ae troavent beaucoup'trop petits lorsqu^ou les compare 

noiMevdemienl aux ehifires obtenus par Tallongement, mais 

mteie k oeux qui ir^ultent des exp^ences de flexion sur 

des piioea .{quarries, d'une assez grande longueur. II est 

done Evident que la formule cit^ plus haut ne'peut pas 

s*appliqner k des billes de ces essences^ ce qu'il faut pent- 

kre attribner k un manque d'adb^rence suffisante et de 

reaction entre les couches annuelles, et k ce que les couches 

ks plus fortes se trouvent a la circonf^rence) aiusi qu'on 

le Terra bient6t. Nous n'avons done pas compris dans nos 

moyennes g^n^rales les r^ultats des experiences de flexion 

sar les billes des conifi&res, bien que nous en ayons donne 

tous les elements afln que, si Ton arrive plus tard a modiGer 

les formules , oti puisse en tirer des r^ultats exacts. 

Pour les.grandes pieces de ch6ne etde sapin d^bit^es 
dans les formes du commerce , nous avons pu nous servir 
des formules qu'on emploie habituellcment, et qui ont d^ja 
it6 joffisammcnt v^rifiees. Nous avons d^uitle coefficient 
d'^slicit^ de la fliche moyehne , dtfterminee par un assez 
grand nombre de meswes , an moyen de la fonnulc 

dans laquelle b est la largeur et c la hauteur de la pi^ce , 
c'es|-&-dire la dimension dans le sens de laquelle la ohai|;e 
agit. 

Dans les formules (6) et (c) , on n'a pas eu egard au poids 
dc la pi^cc elle-m^mc , pnisquc , les fleches etant prises 
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par diffi^uce, ce poicb fait partie de la charge penna- 
uente. ■ . ' 

La r&isUDce i li mptnre par tDilKmitre carr^ cle section 
a ^cilcnlfc, ponr oes pieces, par la fomnile 

H_ 3[Pl'''lM.5/')+°t°' + 3/')l 

dans laquelle P , a, b,c etfoni les mantes sigiiiGcatiom 
que dans les formules (b) el {c), ct 11 represenie le poids de 
lapartiede la pi^ce comprise eiiirc les appuis, i;t qui a pu 
6tre facilemcnt calcule d'aprcs Ic poids ct la longueur de 
la piece emigre ei d'aprcs la dislancc des appuis. 

Enlin, la cohesion moyenne pour toutes les essences a. 
4l4 delermiuee au mojen de la rupture des tringles par- 
traction ; et Ton verra que , pour Ic ch^nc el le sapin, elle 
s'accorde bicii avcc les valeurs trouvees au muyen dc la 
rupture par (Icnion. 



QUATRIEME PAKTIE. 

MmwmIwi del r^MtHata. 



Nous avoiu indiqu^, en commeofant ce M^moirc, la 
nurcbe-qni nous semUait la plus naturae, et que now 
Doiu prc^|N»ioas de suivre ponr I'^tude des propriAifs m^ 
caniqaes dee bois. 

J^vant toot , noua aviona it rcchercher commeDt ils k 
condnisent loraqu'ili sont soumis h des forces eA^eortf ' 
appliqu^ de diff^rentes mani^res, et d'apres qodles ki) 
ont lieu'les changements de formes produits; car il ^tiU 
poauble que ces changements ne fussent pas proporuonneU 
auz forces employes, ^^1 dans cccas, la. d^nition ordi- 
naire du coefficient d'elasticit^ n'aurail pas iti applicable. 
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En ontre, les premieres charges auraient pu produire des 
alt^dons saflbantes dans les fibres pour modifier leurs 
prDpri<t6i et en changer les lois. Ce n^^tait done qu'apris 
avoir T^rifi^ si les lois et les formules connues s'appli^aient 
aux bois, qae uoos ponvions rechercher comment les pro- 
pri^tes mfeaniques varient dans les diverses parties d'un 
mfeme arbre. 

Ici, la premiere question qui se presentait ^tait de s*as- 
surer m Torientation des diffiSrentes parties d'un arbre 
inlliie r^lement snr lenrs propri^tds; et, en operant sur 
des tring^ ehoisies dans une m^e couche annuelle, mais 
ades orientationadifiSSrentes, cette verification pouvaitse 
faire avant de connaitre Tinfluence de la quantity d'eau 
kjgrom^triqiie, pourvu que Ton n'employftt que des tringles 
prises dans les mftmes conditions. H ^tait indispensable 
eosnite de determiner cette influence de Thumidite sur le 
T(4ume et sur les propriet^s m^caniques, et de Texprimer 
par des coefficients , pour pouvoir rendre comparables les 
resultats de toutes les experiences qui nous restaient k faire 
en les.ramenant h un degr^ d'humidite constant. 

Dans ces experiences , nous avions k etudier la marche 
des proprietes naecaniques dans des couches placees k difi^e- 
rentes distances du centre, dans les m^mes couches k diffe- 
rentes hauteurs, et enfin dans des directions differentes; 
pais k rechercher , pour des arbres de' la m6me esp^e , 
Hidueiice de TAge, de Texposition et de la nature du 
terrain. 

Les proprietes mecaniques etant ainsi determin'ees pour 
chaqne essence, nous avions enfin k etablir les relations 
qui peuy^it exister entre elles , et k deduire toutes les con^ 
sequences pratiques, resultant de notre travail. 

On Ironvera dans les tableaux joints k ce Memoire tons 
les elements de nos experiences ainsi que les resultats des 
calcols. On verra que, pour chacune des questions que nous 
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nous ^tioos posees, uoub avoos itA anwQes Ji faite itn grand 
iiombrc d' experiences porlaat principalcmeiit sur les es- 
sences Ics plus cQmmunes dans la localite oii nous op^'ons. 
En ellet, diis qu'on a alTaire a des corps organist, les lais 
nc peuvent plus se delermiuer par des recbercbes failiB sur 
unseiil individu, a cause des diSerenccsd'organisatJonquu 
CCS corps preseritent toujours. Daus !cs Lois en particulier^ 
Tirr^ularite de I'accroissement, les changements dV-paia- 
scur et de direction qu'on rencontre quelquefois dans les 
couclies, les nwuds et d'autres circonstances encore qu'oii 
ne peut prevoir k I'avaiicc, ni mftme toujours constaler. 
sont autant de causes d'iri'egulanle dans les chilTrcs. Ai 
sans nous arr^ter a quelques excepliona particidi^res, a^ 
nous du chcrcher a recoDiiaiLrc , dans I'cnseniblc des I'aits, 
les lois generates qui les regisscnt. Nous esperous y £trc ar- 
rive d'uiie mani^re suQlsanle pour la plupart des questions 
relatives aux diiliSrcnces dans les individus et dans \& 
especes; raais nous n'avonspu resoudre comply tcment les 
questions relatives aux influences locales qui auraient exige 
des experiences encore plus nombreuses que les n6lre£, ei 
faites dans des localiles et des climals diftiironis. 

Apr^ ce court expos^ des contid^ratims qui now ooi 
^d&, il DOiis reste k faire connattre et i dUcoter les i^sul- 
Uts auxqaela oona aonunes arriv^ : 

I. On Terra , par lea experiences d'alloDgement nppor- 
Ites comme ezemples daiu le ttblean n° IV, que, poor les 
bois comme pour le^ m^ux , on peut et Ton doit distingur 
deux espAces d'altongement , rallongement ^UaUqne ci 
r«lloagement permanent , et que le premier est iris-seDii- 
blement proportionoel aux durges. Le premier detaHon- 
gements mesor^ est quelquefna un peu en'dteiccord avec 
les autrei, qnoique nous ayona eu soin, avant de prendtf 
la premiire meture , de char^r les tringies d'an poidc soffi- 
sai(t pour en op^r le r«dressement , et qui, par cons^ 
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qucnt, n'a pas eiv compris dans la charge produisant I'al- 
loDgement eUslique. Du r^te, ]a mfime chose a ^alement 
lieu pour les metaux. 

Quant aux allongements permanents, on verra qu'ils 
cammencent presquc toujoui"8 dfe les premieres charges , el 
qu'iU croissenl d'une manierc Irreguliere avec cellea-ci ; ce 
qui s'explique facilement, puisqu'ils dependent non-scU' 
lemeot de la grandeur de la charge, ma is encore dc sa 
dur^c et de la mani^re d'opercr. En outre, dans un cer- 
tain nombre de cas, ccs allongements diminuent apr^s plu- 
sieurs charges, aa lieu d'augmeiiter, pour ensuite roprendrc 
leur marclie ordinaii'e, Ces especcs dc ressauls qui se pre- 
Knleiil anssi, mais mains frequemment , dans les metaux, 
)Mraisseut '^ire dues a une contraction brusque et irr^guli^re 
d« Gbres, par suite derenlevemcnlde la chaise. II resulle 
deces considerations, qu'on nesaurail ailnhuer, en theorie, 
une valeur d^terminee ni a la limiie d'^laaticit^, ni a I'al- 
longement maximum. Aussi n'avons-nous pas speciale- 
ment recherche ces dounees dans uos experiences. Touif?' 
Tois, comme daus leur acception ordinaire, on peut les 
deduire des allongements mesur^s , et comme elles peuveni 
(Ire utiles en pratique . nous aurons soin d'en douner les 
moyennes daus nos conclusions. 

Les ubleaux n"' XVII el XVIII ioni voir que les m^mes 
regies s'appliquentegalemem aux pieces sou mises a la tlcxion . 
Les fleches permanentes sont comprises daua la colonuc 
des Arches totales corrig^es. Pour mteux faire ressortir la 
proportionnalil^ entre les filches et les charges correspon- 
dantes, nous avons ramen6 toutes les experiences k une 
charge constanie de loo kilogrammes. Et, en cU'et, les 
fleches ainsi trouv^es parle calcul s'accordentsuffisammeDl 
pour qu'on ait pu seservirde leurs moyennes pour calculet 
le coefficient d'elasiicite. 

n. Les tringtes que com avons prises dans one mtaie 
eouche , mais dans des parties de I'arbre expos^ aox qnalre 
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points cardinauz (tableau n" VHI), n'ont present^ a 
r^UrJI^ dstu les differences de leurs propri^s m^cs- 
niqnes. En effet, pour diffifirentes conchet annuelles d'nne 
m^e lulle , les maxima et les minima se aoat trouv^ tiniAt 
dansTune, tantAt dansrautre de ces directions.. EtceUe 
irr^iUaril^ a ^l^ tellement constante dans tons, lei oas, 
qu'apr^ avoir examine qnatone biUea diffijrentesde chCne, 
li£tre, acada, sapin et pin, nous avons cru inutile de 
pousaer ^ua loin cette recherdie. Ava»i , loraqa'U a'est agt 
de dAemuoer la nuiche des propri^t^ mfoarnqoesdans 
let ooiiclies de ces billes , nous nous sommet serria des 
tm^ean^ des qsatre valean ainsi trouv^ poor chaqoe 
coaehe. 

Poor deux de cesbilles, ch£ne et Mtre , nous avtms non- 
sculentent soumts k des experiences d'allongement det 
tringlea provenant des m&mes conches annoelles , mais en- 
core contiS^ie noa r^ultata par la m^lhode de la fhrion snr 
des cylipdrei d'lm assezXort diamitre pris dans letvxpon- 
tions intenn^diaires , Pl. lifig- a, c'est-i-dire dans les par- 
ties expos^ aujiord-est, uord-ouest, sud-eat et and-ooest. 

Les r^sultats de ces demiirea experiences, -port's an 
tableau n** XIV, confiument en tout point conx obleauu par 
I'allongement. 

QL Nous avons renni dans le tableau n" IX tons lei 
rasoJiats des experiences snr I'influence de I'hnmidit^. 
Tontfls lea tringles sur leaquelles nous avons opi£r^ onl ^t^ 
examinees dans trois ou qnatre euts differenta , et le tableau 
pi-esente les conches atixquelles elies appartenalent classeei 
d'apr^ leur distance au centre, etd'apris leur degre d'hv- 
midite. Nous devons toutefois faire remarquer qa'ainsi qoe 
nous I'avons deji dit precedemment, les mSmes tringlee n'wl 
pas pu £tre employees dans tous les d^res d'hnmidiie, et 
que, pour avoir dea points de comparaison asses nombreuii 
nous avons ete obliges de coniiderer comme identiqties 
des tringles prises dans les mimes couches et immediatemenl 



' ( 45 ) 
I'lme a c6le de I'auiru. Ceue ideiiiite peal toutefois ne pas 
avoir ete toujours complete, et cclte circoiisunco expliquo 
la anomalies qui se rcDcontrent ([uelquefois dans In 
tableau. 

Ladensiiediminne, en g^n^ral, comme on le sail, avec 
la qnanlile d'eau contenae. Cette diminution est tres-sen- 
sible toules les fois qu'il j a une grande distance enlt'c les 
d^res d'homidite. Les differences de densite que Ton 
irouve alors sont assez grandcs pour ne pas eirc masquecs 
par les causes d'errcur et par les irregularites que nous 
avons deja signalees. Aussi nous regretlons d' avoir eie 
obliges de n'opererquesur des tringlcs tr^s-minces , afin dc 
pouvoir comparer les couches elles-m^mes. Ces tringles sc 
dessechent ires-vile a I'air, et il en est resulle qu'il r'y 
Mail presque jamais uo ecart dc plus de lo ou 20 pour 100 
enire les tringles les plus seches el celles les plus liumidcs. 
Les dilEcultes de d^Iermi nations precises entre des limiies 
il rapprocbces, el surtoui pour les cas uii nous operions 
sur de peiits morceaux pris aux e\tremites de chaque 
iringle, expliqucnl les nombreuses anomalies que nous 
a»ons rencontrees pour la densite, el principalement dans 
les couches exlerieures des hois resineux. Malgre ces ano- 
malies, la marche gen^rale des chilTres fail voir que, non- 
Kulemcut la densite diminuc par suite de la dessiccation , 
mais m^mc proportionnellement n celle'ci. 

Pour elahlir cette loi , que nous sommes loin de donner 
comme rigoureusement exacte, nous avons compart les 
densites aux difTerents degres de dessechement successifs 
avec la densite au plus lorl degr^ d'humidite. 

Designoiis par A la plus grande humidite cxptiraee eu 
cenliemes du poids du hois ; par d, la densite currespon- 
d«nte. Soient h' et d' les m^mes quantities pour uo moindrc 
<legre d'humidite. ei, enfin. c le coefficient de variation de 
difDs)t^ pO«r I pour too d'humidite; on aura 
d'=d[t~c{h-h')], 
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Noos avons tronv^ pour une m£me conche, et pour 1m dif- 

f^rentsdcgres d'huinidit<^, des valeurs dc cassez rapprochees 
pour que nous ayous pu en prendre la moycnne, en 
oroetlant toutefois ceUes dans Icsquclles la dillerence d'hn- 
midile nedepa&saitpas i pour loo; ct nous avons jiorteaa 
tableau n** X Ics moycnnes ainsi trouvees pour chaque 
cDuchc, en marquant du signe + lee ess exceptionnels, 
c'est-a-dire ceux dans Icsquels la dcnsite avail augtnenK- 
au lieu de diminucr. Dan^ ce cas, la formule donnee plus 
baut devient 

Les Taleikn de c Ttrieot ootabletoeat pour ks dMEfrentet 
CQUcbea. Cependant il noui a pani rationuel d'^nwir la 
moy«itne de tout let oo^ckUs tronv^ pour imt nfime 
essence,' comine chiSre applicable dana les c^ctibcBr des 
arbret. «itiera. 

La viteaae dn son augmente loujours avec ladeauceatiini, 
loraqu'oa op^ sar Ic* mftmea uingles. On en tronve un 
exemple dw» celles provenant des six biltes couples dans le 
sapjnn^ 65 (tableau b^IX), et.qui n'odrent pas ace senle 
exception k cette r^le. Les excepdonsqui se trouvratdans 
le ubleau, pour le* autres bilks, provieonent preacpie tonus 
de ce qu'il j avait deiu series de tringles, et elles d>^- 
raissent lorsqu'on a soiii de oe comparer entre elles qoe les 
trifigles d'uD6 aJtOkt s^e : c'est-a-dire , pour la prAnito 
serie. celles dubois veil ot celles dess^b^ an soleil;et, 
pour la secfmAm , celles dess&:b4es au laboratoire et a 1*1^01*^' 
Cetle augmenution de la ?ilesse du son est seodUaseai 
[wt^rtionndle k la perte d'eau, et nous en avons iiur- 
min^ Ie« coefficients , poor une dessiccatiou de i poor loo, 
par un calcul analogue 4 celui dont nous nous ^ous serris 
pour les coefficients des variations de densite. 
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Soient y et %>' les Titesses du son aux humidit^ h elh' ^ 
h &aiit la plus forte des deux humidil^^ soil c' le coeffi- 
cient de variation de la vitesse du son , on aura 

Nous aTons calculi , au moyen de cette formule , les difi!$- 
rentes vafeors de c% que nous avons trouvto, en g^^ral, 
constmlm poMir une mibne eoudie k difiiSrents degr& dliu- 
midit^. Mmb em aFonsdonc , conime pour les dendltds, pris 
les moyennes , que noas avons de mftme port^ au tableau 
Q^X, ainsi que les moyennes g^^rales pour une mteie 



Quant a rinflmnce de rhumidit^ sur la valeur du coeffi- 
cient d'^hsticit^, nous avons d^j&.rappele, dans la discus- 
sion des m^odes, la formule au moyen de laquelle on 
djdnit oe coeficient de la density et de la vitesse du son , et 
now nous en sonunes servis pour cilcukr , da[ns chaque cas , 
las ooefficienta d'^sticit^ aux diffiSrents degr^ d*humidit^ , 
port£i dans le tableau n^ IX. 

Cette formule est 

E = 

g 

Done, ^tant donn^ le coefficient d'elasticit^ E k une humi- 
dity h J on trouvera oe m£me coefficient E^ pour une humi- 
dity mbindre A', au moyen de la formule 

1L'^^[i-c(h-k')][,+e'{k-h')Yi 

et, en faisant h — A's=H, on aura 

E'=E(i — cH)(i+c'H)% 

oa c et c' sont d^ja donn^ pour chaque essence par le ta-> 
Ueaun^X. 

Cette Equation donne lia marche pr(^ressive du coefficient 
d'^lasticit^ avec la*dessiccation. 

En g^n^l, d'apr^ les valeurs resultant de nos exp^ 
riences , on a c' >> c , ou , tout au plus ,c=^Cy ainsi que cela 
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a lieu tr^s-sensiblemeiit pour le twine. Dans ces cas, le 
coefficient d'^Iasticit^ augiBentera coniUmment kvec la 
valeur de H , c'est-a-dire avec U deuiccatioD. 

En effet, soil c = c', r^<{iution deviendra 

E'=E[i+«H-(cH)'-(«H)'l. , 
Or il r&ulte des valenn trouvto poor c et c*, que la quan- 
tity cH sera toujoun une fraction, H ne ponvant, par sa 
nature m6me, fttre sap^rieur a 60 ou 70. Les valenn de E' 
cndtront done constanuneni avec cellea de H ; et cela aura 
lieu k fortiori , lorsqn'on aura c <Ic'. 

Mais il n'en est plua de mfime si 00 a C^c', cat^ie nou£ 
n'avona rencontr6 que dans le sapin. La marchti da eopffi- 
cient d'^asiicit^ dependra alors du rappport entre c et c'. 
En subsdtuant dam la formule les valeurs de ces deux coeffi- 
cients, on trouve que - E' atteint un maxinaim ponr 
H^a3.ai. Mais, ^vant d'etre admise, cette coaafqneoce 
de la formule aorait besoin d'etre v^rifife par dea expe- 
riences ^y^iales faites avec des desiiccatioas lentest de 
centiime en centi^me. 

SiTonavait c=ac', cas qui nes'est jamais pr^aent^duis 
les espices d'arl»«s sar lesqnelles nons op^rions, on tron- 
verait ' 

E'=E[i — 3(c'H)'— »(e'H)'], 
c'est-a-dire que I'elaslicit^ diminuerait constamment arec 
la dessiccation. 

En6n , la coh&ion on la r&istance a )a rupture'par trac- 
tion augmente, dans presque tous I^^ cas [voir le lableau 
n'lX), par suite de la deasicccition , et dans une assez (one 
proportion. C'est senlement lonque la dcssiccatiou avtii 
^t^ pouss^e jusqu'd ne laisser que lu pour 100 d'humidiui 
qu'il s'eitpr&eate des diminntious de cohesion bien carat- 
t^ris^. n serait difficile de d^ider si elles prOTenaien' 
d'une alteration dans les fibres ou dans leur texture, pro- 
duite par la chaleur, ou s'il faut les attribuer a cequel« 



(49) 
bob Irift-secs ne preuheul presque plus d'alloNgetnent per-» 
nunent ; ils devieunent alors tellement peu flexibles et 
tellement cawants, qa'ils finissent par se rompre sous le 
momdre ehoc, ou effort transversal, dans la mise de la 
charge. Cette circonstance explique aussi Topinion g^ne- 
raletnent admiae de la glus grande force du bois vert, opi^ 
nion Aioncfe par les auieurs qui u'ont soumis les bois qu'a 
la flezkm* Nous n'avons pas cru devoir determiner les 
coefficients de Taugmentation gen^ralement observee par 
nous, parce que, comme nous Tavons deja fait reitiarquer, 
les experiences de rupture offrent trop peu de precision 
povir permtttre un calcul de ce genre. 

Independamment des propriet^s mecaniques que nous 
avons etudi^es dans toutes les parties de notre travail, il 
noos a pam utile de profiter des dimensions trouv^es pour 
les tringlesi diffiirents degr^s d'humidite, pour determiner 
leur contraction transversale par suite de la dessiccation. 
A eel efiet, nous avons pris, aux m6mes degr^s de dessic- 
cation , les moyennes entre les c6tes des sectioqs carries de 
toiites les trini^es appartenant a une mtoie bille. Leurs 
rapports , dans tous les cas ou la marche a iii r^guliere , 
nous ont dotine les coeffi<;ients moyens de contraction pour 
one perte de i pour lOo d'humidite. Ces coefficients et les 
dimensions des cAt^s dont ik ont iti deduits sont compris 
dans le tableau n? X. Nous avons porte en regard les 
moyennes pour chaque bille et pour chaque essence. Mais 
comme nous avons trouv^ quelquefois des variations plus 
grandes pour les diffiirentes billes d*une mtoie essence que 
pour la plupart des diff^rentes essences entre ellea, nous 
avons pris la moyenne g^nerale entre tous les cas observes ; 
cette moyenne nous paralt devoir 6tre employee comme 
chifire pratique, jusqu'a ce que de nouvdles experiences 
spjciales et plus nombreuses aient ete faites. 

IV. Les recberches que nous venons de cSscuter nous 
out mis a m^me de rendre toutes nos experiences com pa- 
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rabies, en les ramenanl a un in^me df^re de dessiccatioi 
L'hmuidit^ de ao pour loo noos a pam la phis convenab 
comme point fixe , pnisque c'est celle a Uqnelle armeni 
n pea de chose pr^s , les bois par lenr dessiccation spoE 
tan^. Poor operer cetre rMuciion , nous avons calcolelt 
densil^a et lea viieues da son par interp<^atioii entre h 
chiffres tronr^ atu deux humidit^s les phis voisines de 3 
pour lotf. Time an-detsiH, I'avtre ao-dessotu. Loraqne not 
n'svioDs pas d'<d»erTalion aimlessiia de ao poor too, not 
avons pris celle tjai s'en rapprochait le plus, et ooe second 
difl^rantde celle-ci de quelques centi^mes seulemcnt. Nou 
avioits doDC dam cheque cas quatre observations,. c*est>a 
dire deux denaites d et deux vilesses de s(« f. En sobsti 
laant ces valeurs dans la fbrmule d'tnlerpolntion 

d^a+ bh el p:=o'+ b'h, 

on ■ dtonnin^ lesqoatre consUntes, cc qui a ^mp^ la 
density et la ritesse cbercb^s, en meltant h = 20. Nou.* 
avoDs mieux aim^ suivre cette marche que de no«i senii 
dcs coefficients moyens determkt^s precMetDment d'apr^ 
toutes les experiences. En effet, ayanl k reehercher , non 
pins li marche gte^rale de la desuccation , maia bien U 
chiffre spMal applicable a no seni degr^ 4'li<"'>^ie) nou.' 
derions, au lieudes limiies les plus eloignees, prendre les 
obtervitions les pins voisines de ce point fixe. 

Les coefficients dYlasticit^ ont et^ calcules d'apr^ le< 
valeurs ainsi tronv^es poor la deusit^ et la viiesse dn sod : 
seulemeni, comme il Aait essentiel d'avoir, 110& les coeS- 
cienls rMtiltant des vibrations, mais ceux qni sed^duiseni 
de ralloDgeiBmt , et que nous avons appel^ r^ls, noDi 
avons appliqatf k ces premiers les coefficients de correction 
donn& par le taUeau n" VU. 

Les coh^ions ont ^t^ calcul^es de mime par ioierpola' 
tion. Lorsque, pour une conehe, il n'j avait d'observation) 
qu'a un seul degr^ d'humidit^ , on a cherche les coeflicient!> 
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de variatiou pour lesautres couches, de m^me qu'oii l^avait 

deja fail pour la density et pour la vitesse du son , et Ton a 

adopte pour cette couche la moyenne dcs coefficients trouves 

ainsi pour les autres couches de la m^me bille^ et lorsque^ 

pour toates les couches, il n'y avait qu'une serie d'obser* 

vatioQS, on s'est servi de la moyenne des coefficients trouv^ 

pour toutes les billes de la ui^me essence. Enfin, lorsque 

celanese pouvait pas, ou qUe les observations etaieni a une 

trop grande distance de ao pour loo , on a port^ dans le 

tableau les cohesions correspondantes a Thumidite la plus 

rapprocbee de cette limite. 

En parcouraut le tableau n^ XII , on verra qu'en g^n^ral 
la march^ deft propriet^s m^caniques est la m^me dans les 
difliSrentes conches d'une m^me biUe. Ainsi la couche la 
plus dense e^tordinairement celle qui conduit le son avec la 
plusgrande vitesse, qui a par consequent le coefficient d'^las^ 
Udt^ le plns^ev^, et celle aussi qui pr^sente la plus grande 
ooh^on.Totttefoi&rexemple ^u h^tre n^ 4^ (i)fait voir que 
U density et la vitesse du son vont quelquefbisen sens con* 
traire* Poar le plus grand nombre des arbresque nous avons 
i^dnita en tringles, cette marche des propri^t^ m^aniques 
du centre a la circonference est pr^s^ment Tinverse de 
celle qu'on avait admise gep^ralement jusqu'iei. En effiet, 
poor leaapin, le pin, le charme, le fr^ne, Torme) T^rable, 
le sycomore, le tremble, Taun^, la density, la vitesse du 
SOU) le coefficient d'^lasticite et la cohesion vont d'une 
maniire i tres-peu pr^ cpnstante en augmentant du centre 
a la cirocmfi^rence. U arrive cependant quelqnefois que, 
poqr h$ Cringles les plus voisines de T^rce , l» chiffres 
qui eipriment ces propriety redescendent un peu. C'est 
surumi dans les bois resineux, on un grand nombre d*ex- 
p^riences con^paratives ont ^t^ faites , que oet accroisse'* 
ment constant est remarquable; il est tel que, dans les gros 
arbres, le coefficient d'^lasticit^ des couches ext^rieures est 
souvent le double , quelquefois ni^me plus du double de 
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celui ducoeur ii.^me de Tarbre. L'acacia, sans presenter la 
mime r6gularit^, suit, en g^n^ral, la mime marcheque les 
essences pr^^entes. 

Mais il n'en est plus de mime pour le chine et le 
bouleau. Dans les arbres que nous avons examine, le maxi- 
mum des propri^t^ mecaniques se trouve gen^ralement 
dans une couche intermediaire entre le centre et la circon- 
f^rence, a environ un tiers du rayon a partir du centre. 
En allant du centre vers la circonftSrence , les propri^tes 
mecaniques augmentent jusqu'fi cette coucbe , pour ensuite 
redescendre au-dessous mime de leur point de depart. 

Pour le bitre, ou nous arons opere sur deux arbres, Tun 
de 5o, I'autre de 95 ans, les propri^tes vont en sens inverse 
dans chacun de ces deux arbres. EUes augmentent presque 
r^guliirement du centre k la circonf<6rence pour celui de 
5o ans, et, pour celui de gS , ou la couche du centre nous 
manquait, elles vont en diminuant pour toutes les aulres. 
Cette influence si marqu^ de Tige, que le bitre nous a 
permis de constater, doit itre prise en consideration dans 
rappr^ciation des r^sultats trouv^s pour les autres especes. 
En effet , les deux chines que nous avons examines avaient 
95 et 164 ans, le bouleau 1 14^ les autres arbres, de 26 a 
61 ans, except^ un gros sapin de 1 10 ans. !Ne faut-il pas en 
conclure que, pour les arbres a aubier, c*est-ft-dire ceux 
dont les couches les plus anciennes s'oblitirent avec Tage 
pour fortner ce qu'on appelle le bois de coeur, tels cjue le 
chine, le hitre, etc., il y a une certaine epoque de la vie 
ou la modiflcation introduite par Vkge dans T^tat relatif 
de leurs couches amine une inversion dans la marche des 
propriet^s uiecaniques ; tandis que pour les essences dont 
toutes les couches restent perm^ables aux liquides, telles que 
les bois r^sineux et la plupart des bois blanes, ces pro- 
prietds vont toujours en croissant du centre a la circonfe* 
rence, quel que soit Ykge des arbres? 

Nous n'avons pas fait entrer dans les considerations pre- 
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Creoles les resultats conceriiant Ic penplier, parce que 
Tafbredont nous nous sommes servis etalt malade a la base. 

Pour embrasser d'un coup d'oeil la marche de chacune 
de ces propri^tds dans les couches success! ves de chaque 
bille, on peut reproduire graphiquement les r^sultats de 
Qos ezpMences. En prenaut les coucbes annuelles pour 
absciasesy et leurs density, vitesses du son, coefficients d'e- 
lasticit^ on oob&ions pour ordonnees, on obticnt des courbes 
correspondant a chacune de ces propri^t^ et donnant Icur 
marche relative dans chaque bille, ou la marche relative 
de Tune de ces propri^t^ dans des billes differentes. 

V. La recherche des difT^rences que les propri^tes mc- 
caniques pr^ntent sui vant la hauteur dans Tarbre est 
une des questions les plus importantes que nous avions a 
traiter, soit qii'on les consid^re dans le sens des fibres, pour 
une seule oouche ou pour la masse enti^re de Tarbre, soit 
qn*on les ^tudie dans des directions perpendiculaires k 
celle-ci. Tous les r^ultats qui ont rapport k cette question 
sontr^unis dans le tableau n^ XVI; mais ce tableau n'^tant 
hii-mtoie qu^un r^sum^ de ceux qui le pr^ident , ce n*est 
qn^aprte avoir expliqu^ comment ceux-ci ont ^t^ etablis y 
que nous pourrons en aborder la discussion. 

Notis avoQS d^Ja vu que le tableau n^ XII donne les va-r 

leurs des density, coefficients d'elasticit^ et coh&ions poup 

chaque oouche, ramen^s k 20 pour loo d*humidite; mais 

il fallait d^uire des valeurs trouv^s pour chacupe les 

chiffres moyens applicables k la bille eutiire, afin de pou* 

voir, nen-seulement comparer la m^ode de J^allmigem^nt 

a edfe de la flexion, mais encore toutes les billes d*un 

mime arbre entre elles, quVUes aient ^t^ diss^qu^es ou 

Don. Pour cela, nous avons mesur^ {voir\e tableau n® XIII) 

les rayons des billes et les ^paisseurs des anneaux suocessifs 

au milieu desquels les tringles avaient ^t^ prises, et, en 

admettant que les propridt^s de chaque tringle s^appliquent 

a toutes les couches voisines qui composent le m6me anneau , 
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nous n'aviuns qua multiplier la densite, \e coefficieot d'e- 
lasiicit^ et la coh^ion de chaque anneau par son aire*, a 
faire la somme de c«s prodoits, el a la' diviser par la section 
de la bille enti^ pour avoir les inoyeanes cherchto. Ces 
moyenaes sont portl£es dans les irois derniires colonnea du 
laUeau n" XII. Nous n'avoni pas pu faire de calcnl ana- 
logue pour la Vitesse du son, parce que ce serait on pro- 
blime k part que de la d^Ienainer pour un cylmdre compose 
de couches coocentriques dou^ de vitesses du son difle- 
reotes. 

Le tableau n" XIV contieol les donn^ et les rifsoltals 
de tootes les experiences faites par la flextop sur les ttilles , 
led^r^ dliumtdii^de celles-ci , les d^isit^ et les co^aents 
d'^asticit6 trouv^ par les experiences, el leurs valeurs 
ramen^ k ao pour loo d*humidit^, au moyen des coeffi- 
cients prrfc^emin«it calculi. Parmi ces billes, il j en a 
plusieurs qui provieunent d'un m£rae arbre i dlS!frentes 
btoteun, etqoi ont dd, par consequent, 6tre CMOprises 
dans le tableau n" XVI. 

Le tableau n° XV contient de mtme les donn^ «t les 
r^sultats des exp^ences faites, au moyen des vibrations 
transversales et de la rupture par traction , SQT les barreauz 
pris perpendicnlairement k la direction des fibres, alabau- 
teur des difTiirentes billes, dans le sens du rayon et dans 
celni de la tangente aux couches annueltes. 

Enfin , on trouve dans le tableau n" XVI : 

(a). Les valeurs des propri^t^ m^caniqnes dans le seiu 
des fibres poor nne rn^me couche ligneose a dift^rentes 
hauteurs. Afin de pouvoir faire cette recherche , ncHu 
avioos , dans la dissection , pris les tringles dans les m^mes 
couches des difii^ntes billes appartenant an m^me af^re, 
ce qui a ^t^ facile, en les comptant k partir de la circon- 
ference. Ces trii^lcs correspondantes sont designfes, non 
par les cbifTres contenus dans Ics tableaux pnScedentf, 
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maispar les ]e%%rtB a ^ b y c ^ d\ a eiant la tringle la plus. 
▼oisijie de T^corce. 

(h). Les propri^les mecauiques des bUles eutieres , soit 
qa'etles iUent 6^ oblenues diiectement par la flexion , soit 
qa^dk$ aient ^te d^dnites de rallongameut des tringla^^. 
Les billes sont rangees d'aprcs leur hauteur dans TarkM^e , a 
partirdefebase. 

{e). Les piroprieies mecaiiiques dans le sens du rayon, 
a diflecenles hauleiirs. 

(d). Cesm^mesproprieles dans le sens de laiangenteaux 
conches ligneuses. 

Les cbiflres copteaus dans ce tableau font voir <|a'eB ge- 
neralles propri^t^ m^caniques diminuem avec la bauteur 
dans un nAne arbre >pour toutes les couches annuelles 
esamia^ s^pari^ment dans le sens des fibres. C!ette duni- 
nutton est assez 4M»i6iderable , et on la retrouve'^alement 
dans les barreaux pris dans les deux directions peiTpendi- 
G^ilaiFes a I'axe de Tarbre; mais, lorsqu'on compare entrc 
dies , ^ans le sens des fibres , les billes entieres couples a 
difierentes bautenrs , on n'obtient plus cette marche r^gu- 
lim, ce qui, du reste, aurait pu se pr^voir a priori. En 
efet , npos avons vu que , pour certains arhres , les pro- 
pri^l^ ni4cani«pies spnt les plus faiUes dans les couches 
ext^rieures; d'un autre c6ile, etles vont egalement en di- 
minnant/de la base yers la cime 'pour chaque cooiohe : et 
puisqne ce soot seulemont l^s couches exterieures qui se 
continuant jusqu'en haut, il est evident que la partie siip^- 
rieove de la tige formee par leur ensemble devra, pour ces 
aiiwes, >dtre dou^e de propri^i^s inferieuFes a celles de la 
base.'C^est aussi cequi alien pour lech^ue n^34* Mais il 
n'en est plusde m^me pour les arbres dont les couches ex- 
teriewpes sont les plus fortes. Dans ceux*oi , le rapport 
entre les valeurs des propri^tes des billes prises a la base et 
de celles prises au sommet, depcndra du rapport entre la 
loi d'accroissement dans les differenles couches du centre a 
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la (.'ircDDfercucc , ct la loi de decroissement dans une m^imc 
couche de la base au sommet. II pourra done y avoir, pour 
ces arbres, augm«nulion, Constance ou diminution, et 
<;'est, en eflet, ce qui a lieu. Toutefoia, dans les expMences 
que nous avons faites, lea cas de diminution ont eti let plus 
nombreux. 

VI. NouE venous de faire voir comment I'^laUicit^ varie 
avec la hauteur , non-seulement dans le sens de I'axe de 
I'arbre, mais aussi suivaot le rajon et la tangents. H est 
bien eniendu que nous sommes loin de considirer aocune 
de ces lignes comrae de veritable! axes d'tflasticil^; car, 
pour que cette designation leur fi&t a[^icable, il Imdrait 
que I'^lasticit^ restiitla m£me, non-seulement dans toute 
la lon^eur de chacuue d'elles, mais encore dans loutes 
' leurs parallMcs. Or rien de pareil n'a lieu dana le bois : 
r^lasticit^ varie avec la hauteur; elle vane de coiHJie eu 
couche, et enfin dans une mteie diametrale suivant la dis- 
tance dubarreauau centre : cVstcequed^montrerexetBfde 
du baireau R pris a la base du pin n" 3 1 (vou-ubleaun? XV). 
Ce barreau, apr^s avoir 4ii examine en eutier, a ^t^ coupe 
en deux partiet ^ales , dont I'une , a , allait du centre de 
I'arbre a la moiti^du rayon, et I'autre, b, de cc point a la 
circonf^rence. Le coefficient d'^lasticJt^ de cette demi^re 
partie a 6t^ trouv^ plus ^lev^ q[ue celui de la premiere , ce 
qui est bien d'accord avec la marche de lYIasticit^ dant les 
couches de cet arbre. On con^oit que Ton doil reocontrer 
des dilKrences du mfime ordre selon que Ton prend on bai^ 
reau tangentiel plus on moins pris de la circonfiireBce. 
Nous n'en avons pas moins recberch^ les rapports des ^»- 
ticil^ et des coh^ions dans ces trois sens , a cause de I'im- 
{lortance pratique de ces donntfes. 

Ces rapports (tableau n" XVI) rettent senaiblemeDt tes 
mimes (I diffjreiites hauteurs dans un m^me arbre j mais ils 
varient avec les especes. Lorsqu'on prend pour nnil^ 1'^ 
lasticit^ et la cohesion movenne dans Ir sens des &bres , on 
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troufe en moyenne g^^rale , pour les coefficients d'ela&- 
iidt^ dans le sens da rayon et de la tangente , les nombres 
OjiSS et 0,091 ; et poor les cohesions suivant ces deux 
directioBS, o,i63 et O9159. 

\U k X. Nous avons d^ja dit, en parlant du choix des 
arbres, ^pe nous avions pris difli^rentes series de chines, 
de h^tres, de sapins et de pins , au moyen desquelles nous 
esp^rions arriver ik reconnaitre Finfluence qu'exercent sur 
les propri<t& m^caniques des arbres, Fage, T^paisseur des 
couches , Ke^iosition , la nature du terrain et T^poque de 
rabatage. Dans la discussion des m^thodes, nous avons 
fait connaltre les difficult^ qui se sont pr^sent^s pour Tap- 
plication des formules connues aux fliches donnas par la 
flexion des billes des bois r^ineux, et qui ne nous pe^mettent 
pas de rien condure , quant a present , de cette partie de 
DOS experiences'; mais nous avons pu remplacer, en partie 
la moins, la s^rie des billes de sapin par les pieces de cette 
essence qui ont it6 Quarries dans les dimensions de la 
pratique^ et avoir ainsi quelques r^ultats comparatifs pour 
lesbois rMneux. 
Le tableau n^ XIX contient : 

I®. Les valeurs trouv^s pour les density et les coeffi- 
cients d^elasticit^ des billes de chine et de hitre, et rame- 
nto k ao pour 100 d'humidit^ : ces chiffi-es sont classes 
d'apris Vkge des arbres etieur provenance, de maniire a 
rendre la discussion plus facile ; 

a^. Les valeurs des density, coefficients d'^lasticit^ et 
coh^nons des pieces ^quarries de sapin , class^ de mime 
d'apris leiur provenance et leur grosseur. Nous manquions 
ici dedeux donnees : le degr^ d'humidit^, qui n*a pas ^t^ 
determine pour ces pieces, et Tage des arbres. Mais on pent 
^mettre que Tage ^tait sensiblement proportionnel k la 
S^osseur, et que le degr^ d*humidite se rapprochait de ao 
poar 100, ces pieces ayant un an de coupe. 
Ce tableau fait voir que, dans la limite de nos experiences 



(58) 
au moins, la detisiui a ^ completement ind^peiidanle des 
inflaeDces que nous recherchions, et que set vuiatioos pour 
des ai4>res de mftme easeace soDt peu imporUntes. Elle ne 
pr^senU de differences un peu fortes que pour le Mpin : ce 
qn'il faut attribaer k ce que ces nlenrs ne soni poiiu ra- 
men^ i nn degr^ constant d'humidit^. 

II n'en est pas de rnhne du coefficient d'^astictl^, qui 
parait diminuer a mesnre que I'ige des arbrea iiiifcaii iiil i 
Cette dimination a ^te constaate pour lea cii^ea pris dan» 
des ciroonstances comparaUes. £Ue a lieu aossi poar le sa- 
pin etponr le hfetre, qaoique d'une manicfc raoaBB ^i- 
dente pour cetle demi^ eiaence. 

Le plnsou oH»ns(les^diere8Be,etre^>ositios da terrain 
dans leqnel lea arbres ont pouss^, paraiaseut awasi P^^ir sot 
la valenr du coefficient d'dastidt^. Ainai lesboia *cb«s aux 
expositions nnd, nord-eat, nord-<ouest,etdanslea-tarrains 
sees , ont toujonrs un coefficient Aevi, et d'auUqtfloi fort 
que cesdeux oonditions se trouvent r^mies^ tao£»^iie les 
ari>res venua dans des teirains fangenx [ih'imhMiH . a 
quelqnes exceptions pr^, les coefficients les pha faibles- 
C'est surtout sur le h£tre que I'effet de ces circonaUnoes est 
le plus manjo^. 

L'Age et I'exposition influent sur la coh^on des fMces 
de sopin comme sur lenr ^asUcite, et dans le mtoc MDii 
ceqnifaitToirque, sous cc rapport , comme sons beaKoup 
d'autres , la marcbe de la cob^on s'acoorde avec ocAe de 
reiuticit^. 

Les coefficients d'^lasticit^ des h6tres veoos dans le gres 
vosgien sont tous plus forts, pour des aiiires conpanliles, 
que ceuz des b^tres venus dans le gr^ tngaiir^ et dan> le 
Duischelkalk. Nous n'avons rien trouv^ de semUaUe pour 
lecb^ne, et Ton sail que nous n'avons co a notredisposiiioii 
que dessapinsdngrisTO^ien. II sera it difficile de tirerune 
conclusion gen^rale de I'exemple du b£ire seal , quclq>i>^ 
constants at quclque marques qu'aient eie les rteiltats. 1^" 
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effet, on a d^k vii oombien la s^heresse du sol influe sur 
r^asdcit^ de oet arbre ^ il aerait done possible que la grande 
permMbdit^ des couches sup^rieures du gris vosgien , qui 
ne lanr pemttt pas de retenir longtemps les eaux pluviales , 
soil en pwue cause de la plus grande ^lasticite des b^tres 
venns dans les terrains de celte formation. 

Les arbres qui avaient ^t^ coupes en pleine seve, et dont 
les Btns araient M &;orc^ et exposes au soleil , les autres 
non ^oorc^ et conduits inuii^aiement sous le bangar ou 
elaient r^onies les billes coup^ avant la s^e , ne nous ont 
lien prdsentj de particulier. Mais, comme nous n'avons 
pris qu^uB petit nombred^arbres dans ces conditions, il 
fandrait de nouvelles ezpMences sp^ales et nombreuses 
poor d^termfaler Tinfluence de Tabatage en s^ve. Nous 
pouTons tontefiris condure des n6tres que le coeffident 
f Awticit^ des bois n'est pas sensiblement modifi^ par 
Tepoque de leur abatage. II n'en est probablement pasde 
mtelie quant A leur conservation^ mais cette question est 
compyiement en debors de celles que nous avidns a ^tudier 
dins ce travail. 

Nous avions enfin a recbercher Tinfluence de T^paisseur 

cks couches ligneuses sur les propri^t^ m^caniques des 

bois. Nous Tavons fait en determinant T^paisseur moyenne 

des couches de chaque bille , et nous avohs trouv^ qu*elle 

nriaitd^une maniire tout a fait ind^pendante de la marche 

de ces propridt^s. Mais , comme il ^tait possible que cela fiit 

du i la poiidon relative et a raltemance des couches minces, 

et des couches plus ^paisses qui se trouvent dans presque 

Urns les arbres, nous avons cherch^ ensuite ce qui avait 

lieu pour les tringles qui ne comprenaient que des couches 

de mtoe ^paisseur et en petit nombre. Le sapin seul nous 

> pr^sent^ une relation entre T^paisseur des couches et leur 

^Wticit^^ celle-ci est d'autaht plus forte que les couches 

^Ql plus minces , et la marche de cet amincissement est 

ordinairement la m^me que celle de Taugmentation du 
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coefficient d'^asticiU dam I'arbre. Cependant, ponrdes 
couches de m^melargeur a diff^renleadisuncesdn centre, 
r^lssticit^ eat toujours plus forte daiu cellea qui ea aont le 
plus ^oign^. L'aniincissemenl dea conches n'estdonc pas 
la cause premiere de oette augmenUtion d'dutidtj qa*oii 
trouve dans les sapins, en allaut du centre k la tnrcon- 
f^rence. 

D'apr^ ce qui pr^cMe, il y a lien de croire que U qua- 
lit^ aup^rieure des pins dn Nord ne dwt pasfttre altribufc 
eiclnsivement au peu d'^paisseur de leun coaches li- 
gneusei, et qn'clle provient en graude partie dQcUnul el 
dn terrain dans lequel ils ont T^t^. 

XI. Nous avons d^ja fait remarquer que , danaim mime 
arbreetaum£ined^r^d'humidil£,]espropri£t^BUirchent, 
eng^^ral, dans le mtoie sens. Ainsi, Ucoucbequii Inne 
cerlaine hauteur, pn^aente la pins grande density, at doo^ 
ordioairement aussi de ta jhu grande ^asticit^ ef^ la pins 
forte coh^on. Ce rtolut tronv^ snr les tsiv^m a iti 
confirm^, quant au rapport entre la density et la cdi^noD , 
par des experiences sp^ciales faites sur six sapins, dont 
trois avaient ^te d^bil^ en planches, et lea aatres en 
madriers. ha Jig. i a 6 de la PL II donnent les poaitioiis 
relatives de ces pi^es dans les arhres, lenrs dimensions, 
lenrs poids absolus 11 et les chaises P qui ont produi t la rap- 
ture d'apr^ la m^thode et avec Tappareil pr^cedemment 
d^rits pour des pieces de ce genre. 

Ce rapport des diSi^rentes propriA4s m6caniques entre 
elles,lrop irr^gulier d^jji dans unm£mearbre, et troppeu 
cotutaut pour pouvoir £tre exprime par nne formnle , oe 
se retrouve, lorsqu'on compare entre eux des arbres de la 
m^me essence, qu'enire r^lasticit^ et la coh&ion; ildis- 
paralt compUtemeot lorsqu'on duhlit cette comparaisou 
entre les chi£&es moyens trouv^ pour les diff^rentes especes 
d'arbres. D est vrai cpie le pin et le penplier, dont la den- 
sit^ est tris-faible , offrent les coefficients d'^lasticitc > 1*^^ 
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limites d'eUsticite ct les coh^ions les plus faibles; mais , 
d'uQ autre c6te, Ic sapin, (pii es[ de m^e tr^peu dense, 
a UD coefficient d'elasticite tr^s-eleve; le charme et le h^tre, 
qui out un grand poids speciiique , u'ont , an contraire , 
qu'une faible cohesion ; et endn I'acicia, sup^rieur a toates 
ies essences quant a T^Iaslicite et a la coh&ion, a ime den- 
site inferieure a celte de plusieurs d'eotre elles. 

Xn. Avant de donner les chifTre* moyens r^nltant de 
loutes nos experiences, et que nous consid^rons comme 
W plus propres aux applications pratiques , nons derons 
revenir sur la Ilmite d'dlasticJte et rallongemeut perma- 
nent maximum donl nous n'avons parl^ jusqn'i pr^ 
seat que pour faire remarquer qu'il est impossible d'ep 
determiner les valeurs dune mani^re praise , et que lea 
reniliats doivent evidemment ditTcrer auivant 1 'exactitude 
det instruments employes et la maniire d'op^r< 

Nous avons pris pour expression de la limite d'^lasticit^ 
le poids en kilogrammes par millim^re carr^ de aection , 
fpi, apres avoir agi pendant uii a&sez court espacede temps, 
produit par extension un allongemcnt permaDent propor- 
tioonel de o,oooo5. JVous avona choisi cette limite, afin 
que DOS chiflrcs pussent ^tre comparaMes avec ceuz.donn^ 
pir d'autres auteurs. On aurait evidetnmeDt trouT^ des 
litnites de beaucoup tnferieures en s'arrAlant aux premiers 
allongements permanents mesurables. 

I«s chiSrcs suivants feront voir rinflnence do degr^ 
dHnmidite sur la valeur de cette limite : 
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On voit que ccite valeur s'eleve avec la dessiccalion : cr 
qui explique jiourquo! les bofs ir^s-tumidcs prennent, plus 
facilemeDt que les bois sees, des courbures perm an elites. 

Dans les bois fortement di^ss^ches it I'etuve, la limilr 
d*elasticite eoi'neide presquc avec la charge qui produil U 
rupture, c'est-a-dirc que, dans cc cas, lea bojs ne peuveni 
presque plus prendre d'allongemenis permanents. 

L'allongcmeDt maximum se compose de deux parties : 
I'une elastique , facile n caleulcr , dans cbaque cu , d'^re» 
le coefficient d'elasticite et d'apr^s la charge qui produiL 
la rupture; I'aulre , permanente, qui est ires-petile pour 
Jcs bois. Nous avons trouve que, dans lebois vert, ceiic 
demi^reest tout au plus de 0,0007, ^'1 daus le boisdes- 
s^lie, de o,ooo3a. II ^tait done inutile dp la donner se- 
parement pour chaque essence. On rcmarquera seulemenl 
4{u'elle diminue avec la dessiccation , r'est-a-dire que, plin 
lea bois son! sees, mains ils peuveni s'allonger, 

Voici mainteuani les donnees pratiques r^ultant de notrc 
travail : • 
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11 n'est pas toujonrs possible de conclure a priori , des 
chiffres que nous venons de donner , quel sera le meilleor 
emploi des bob dans la pratique. En effet y cet empldi depend 
souyent) en outre, de leur roideur , de leor rdnstaaoe a la 
compression et i^ la torsion, de leur durete, de leor atrac- 
ture, etc., et surtout de leur duree. Nous devons n^pder 
aussi que , nos experiences n'ayant portd que sor des 
arbres venus dans les Vosges, c'est seulement k des bm de 
cette provenance que nos r^sultats sout rigonreusement ap- 
plicabloii^ 

L'acaoa est I'esp^ qui est dou^ des quality kt plus 
^minentes sous tons les rapports; il r^unit la pluslbite co^ 
b^ion 9 le coefficient et la limite d'^lasticit^ tea plus Aavis 
a une grande duretji§ et a une longue dur^. Ce boisy d'un 
usage tr&s-restreint jusqu'a pr^nt , pourrait done 6tre 
employ^ tris-utilement dans beaucoup de cas^ et oflSeir une 
ressource pr^ieuse pour les traverses des cbeimiis.4e fer , 
surtout a cause de son rapide accroissement et de la &cilii6 
avec laquelte il vient dans la plupart des terrains. U poui^ 
r^it, en cffet, Atre cultive sur les berges et dans lea ti^rrains 
vagues de ceschemins, sur les lieux m^mes on il serait 
utilise plus tard. 

L^ sapin distique se range apr^s Tacacia quant a tk gran- 
deur du coefficient d*elasticite , et sa cohesion , quoiqpie io- 
ferieure.4 celle de plusieurs autres essences, est cependant 
assez forte pour que son emploi soit tr^avantageux toutes 
les fois quMI s'agira d'obtenir une grande resistance ^las- 
tique avec une pi^cc d'un poids iielativement p^tit. Son 
pen d'elasticit^ et de cohesion dans le sens du rayon etcdui 
de la tangente le rendent , au contraire , moins propre a 
resister a Tarrachement et a la compression transversale. 
Du reste , comme les plus fortes couches ligneuses des sapins 
sont voisines de la circonference , il faudrait employer au— 
tant que possible ces arbres dans leur forme naturelle, a 
lieu de les equarilr, ainsi qu'on le fait ordinairement. Pa 
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la mtee mison, laraqu'on les debite en planches et en ma- 
diMsm, les-piicea les plus voisines de la cireonference sonc 
aiM'Iei ttMflleiires; et loraqu^on aura a employer des bois 
reAndns ptr le imliett , il sera preferable de les placer de 
maattge 4 ce que le plus grand effort s'exerce sur Ja partie 



Igedbtee oflre cette ptrticularit^, que, sans printer le 

diifiis ItflmSe^ poor aucuhe des propri^t^ m^caniques, 

fllesji^tniit eependanttoutes a undegnSfort remarquable/ 

G«l ensemWede qnalit^ le rend ^alement propre a presque 

I0BS les eiBptofs, et exptique le r61e importani qu^l jope 

ium U pfttfqne. La pr^i^rencie qu'on donne au bois de 

CQBir siir Taidiier, et an bois da pied de i'arbre sar celui de 

U^ttie, est piiefintenient mdtiv^ pour le ch^ne, pnisque 

c^ dans ess^^piffties cjne les propri^t^ mdcaniqnes at^i- 

pM lenr luinmimt. Ajontons que, d'aprte nos ei^^ 

liiiOis, lefiokprovenant d'on jeuiiie arbre est, a groSseur 

ifMsy ptns fori que celui d*un arbre plus lige , et que le' 

<Mis i glaadk p^dpncul^ est de raftme pins fort que le 

dMiie ii glatidi sessiles. 

Le channe, le hfttre et le bouleau ont des coefficients 
d^Aniieit^ on pen sup^rieurs ou ^ganx a ceux des deux va- 
n^de chtoe; maiis leur cob^ion est beaucoiq) plus faible, 
^Senestdeniftmedeleur limite d*elasticit^^ le hitre ex- 
<^^. Ges i^rbressont surtout remarquables par leur grataide 
^ssticit^ et leur grande cohesion dans les deux directions 
psi'peiidicttlaires aux fibres. Sous ce rapport,. ilspourriLient 
^ d'un tr^boh emploi dans les cbemiiis de fer, pourvu 
foe Ton arrive k assurer leur conservation sans alt^rer 
^^^ propri^t^ m^aniques. Cette force dans les directions 
^^sversales est aussi ce qui les rend propres a donnerdc 
^'^bonnes dents de roue , et Tordre suivant lequel les 
pi^ticiens les rangent a cet ^gard s^accoixlc avec les valeurs 
^^ leur cohesion dans le sens du rayon. 

Lc pin sylveslre nous a donne des chifTres plus faibles 

5. 
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que toutes les autres essences, a rexception du peuplier. 
Cette inferioriie nous a d autant plus aurpris, qn'^ ce qui 
conceme FdlasUcit^ au moins^le pin est, en g^n^ral, con- 
sid^^ comme analogue et quelqnefbis mtene sup^rieor au 
sapin. Mais avant d^admettre cea chiffres comme la vAitable 
expression des propri^tes m^caniqiies des pins des Yosges , 
il serait necessaire deponvoir faire de nonvelles experiences 
sur des aii>res de cette esp^ venus en maadfii. Nous n^a- 
vons Uy>uv^> en effet, dans les foists dont noua aTons tire 
nos arbres, que des sujets isoles dont raccroisaement avait 
et^ fort rapide » et Vadministration foresti<^rc n'a pas era 
devoir nous accorder un arbre venu dans, les bdks futaies 
de pins qui se trouvaient dans notre Toisinage, ce qui nous 
auraitpermis de faire cette exp^ence comparative. 

Pour les autres ospices y nous n'avons examine qu'nn 
arbre de chacune, et encore n'avons-nouspu, dansquelques 
cas, nous les procurer' que d*iui age ou d'un dianikre pen 
41ev^ : aussi nous bornons-nous k donner les chiflres aux- 
quels nous sommes arriv^, sans vouloir nous en servir 
pour motiver des considerations pratiques, et d'aotant plus 
que quelquesmns des resultats, la coh^on du tremble par 
exemple,, sont en oj^possition avec les opinions redoes sur 
la valeur relative de ces espices. Abstraction faite de ce 
chiifre pour ie tremMe , on pent ranger ces essences dans 
Tordre suivant, d'apris leurs propri^t^ mecaniques : 



Orme. 


Trenible. 


Fr^nc. 


t*:rable. 


Sycomore. 


Peuplier. 


Aune. 









I 
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CINQUIEME PARTIE 



C^ilclasioiis* 



De tout ce qni pr^cMe , nous crpyons pouvoir tirer les 
eondnsions siiiTftiites : 

i^. Les Ttleiirs des coefficients d'elasticite et des vitesses 
dn son,, d^uites des vibrations, sont sup^rieures aux 
duffireS' que Ton trouve au moyen de l^allongement. Les 
n^oris dea Bombrea donn^ par ces deux m^thodes 
scat senaiUement les mftmes pour des arbres de la mftme 
cspice, quel que soil leur degre d'humidite; ils servent k 
troaverle coefficient d'^lasticite reel au moyen de la vitesse 
>^e du son, et reciproquement. 

u?. Les allongements produits par Taction dc charges 
wia le sens des fibres se composeht d'une partie ^lastique 
V^ est trfo-sensiblement proportionnelle aux charges, et 
d Que partie permanente , meisurable m^me pour des charges 
'^^tiTement petites, et dont la grandeur varie non-seule- 
^ent avec la charge, mais encore suivant le temps pendant 
'^<juel celle demiire agil. 

3^. Cettc loi s'applique egalement aux fl^hes que 
P^^nnent m^me de tres-fortes pieces, lorsque, dtant posees 
P^r Icurs extremites sur deux appuis, on les charge par le 
milieu de poids successivement croissants. 

4°* Les coefficients d'elasticite trouves par la flexion 
^ Une bille de a mitres de longueur s'accordent geuerale- 
^^nt bien avec les coefficients moyens qui se d^uisent des 
^'^periences d'allongement sur un grand nombre de tringles 
P^'ovenant de cettc bille. Toutefois cet accord n'a pas lieu 
pour les arbres resineux; les fliches de ceux-ci sont toujours 
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beaucoup plus grandes qu'elles nc devraient Vhiie d'apres 
rallongemen t des tringles. 

Lorsque la longueur des pi^s est tr^-considerable par 
rapport a leur section , les chifTres donnas par la flexion se 
rapprochent toujours beaucoup de ceux trouv^ par allon- 
gement , quelle que soit , du reste , la nature de Tarbre. 

5®. Des tringles prises dans les m£mes couches annuelles, 
en differents points , mais a la m^me hauteur , p'^sentent 
bien quelques differences dans leurs propri^t^ mficaniques, 
mais sans qu'il y ait aucune relation entre les variations 
cbteryies et la position pHmitiTedes tringles dans Tarbre, 
par rapport aux points cardinaux. 

6®. La densite diminue , en g^n^ral , avec la dessiccation, 
et proportionnellement a celle-ci. Si Ton designe par d et 
d' les density aux humidit^ heihf^ h Slant plus grand que 
A'; par c , le coefficient de variation de la densk^ ptbnr nne 
perte d'eau de i pour loo, et si Ton met k — A' == H, on a 

La vitcsse du son augmente avec la dessiccation , et pith 
portionncllement a cdle-ci. Soient i' et t/' les vitesses du son 
aux humiditds h et A\ et c' le coefficient de variation de la 
vitesse du son pour une perte d^eau de i pour too ; on aura 

p' = p(i-4-r'H). 

Le coefficient d'^lasticite augmente avec la dcssiccation , 
d'apres la formule 

E' = E(i — cH)(i-hc'H)=. 

Les valeurs relatives de c etc*' sont telles pour tomes les 
especes que nous avons soumises a rexp^rience , que E' croit 
en m^me temps que H. 

La limite d^elasticit^ s*eleve, et I'allongement maximum 
diminue avec la dessiccatioii (nous prenoiis ici cos den?c 
proprietes dans leur acccption iisuelle). 
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La eohdsioii aogmente , dans pnesque totts les cas , a vec les 
pertesd'ean successiyes et dans une proportion assez forte; 
maiseette doiuide esi, par aa nature mftme, trop variable 
pour qi|W poisse soumettre ce r^ultat au calcul. LorsqUe 
ia deaHceaUim a M poiusee ariificiellement jusqu'a ne 
laisser qmR 10 pour 100 d'eau dans le bois, celui-ci devient 
lelleiiifot ensant, qu'il n'est plus possible de faire des 
eipMoices de rupture quelque peu prfcises. 

7®. Les profri^tA m^caniques augmentent d'une maniire 
GODstante, et quelquefois m^me dans une tris-forte pro- 
partton, da eentre k la circon£^nce» pourte sapin, quel 
qae soit sottige, pour le pin, le charme, le frftne, Torme, 
Tirdble 9 le sycomore , le tremble , Taune , et en partie pour 
Ticida. Cette augmebtation parait 6tre independante de 
l^igedans les bois r^ineiix , et, en g^n^ral, dans les espices 
doat les coucbes restent toujours perm^ables aux liquides. 
Otos le vieux cbtoe et le vieux bouleau , les proprid 
s^ent une marcbe inverse, c'est^&^dire qu'apr^s avot 
aogment^ jusqu'au tiers du rayon, elles redescendent en- 
saite jusqu'i la circonf^rence. Enfin, dans le b^tre, on 
trouve la marcbe ascendante pour un jeune arbre, et la 
'i^^rdlie d^croissante pour un arbre plus ag^, ce qui siem- 
^^rait indlquer que, dans les arbres dont les coucbes les 
piQa. anciennes a*oblitirent pour former le bois de coeur, 
'^^tte ti^nsfermation modifie la marcbe des propri^t^s. 

8®. Pour cbaque couche annuelle , prise s^par^ment , les 
Pix>priet^ mecaniques diminuent avec la bauteur dans 
^rbre^ il en est de nnfeme dans les directions perpendi- 
^ulaires a I'axe. 

Pour Tensemble de la tige, il nc pent 7 avoir que dimi- 
'^ution, avec la bauteur, dans les espies dont les coucbes 
^^ plus faibles sont a la circonfi^rence; etc'cst, en effet, ce 
^ui a lieu pour le ch^ne. Mais, dans les autres esp^s, 
^^ peut y avoir diminution, constance on augmentation, 
^lon les rapports entre la loi d'accroissement du centre k la 
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uircourei'i;nco et la loi du dcciu Use incut liaiis lus couches 
dcpiiis ia base jusqu'a ta cime. 

Toulcfuis, lescasde diminutiouavecla hauteur son t, ci 
general, les plus nombreux. 

9". Les rapports entre 1 elasiicite ct la cohesion , clans It 
sens des fibres, ct les monies proprietes dans Ic sens di 
rajon el de la langeutc, lie varicnt pas seusiblcment avec li 
hauleiir dans un m£me arbre, ni dauB dcs arbrcs de ni£m< 
espftcc, uiais bien loisqu'on compare les diverses espece 
entre el les. 

En moycnnc , lorsqu'on prend pour unit& les cocQicienU 
d'^lasticite cL les cohesions nioyennt^ dans le scnsde I'axe, 
on trouve , pour les eocliicients d'eUslicite dans le sens du 
rajon et dc la tangcmc des arbitis, o,i6S et 0,091 ; et pour 
les cohesions, dans ces deux directions, les uombres o, i63 

59. 

'. On DC remarque aucuu rapport rcgulicr entre la 
site di's arbres ct Iciu' Age , lepaisseur de leurs couches , 
vPfixposiiion et la nature du terrain. 

II". L'epoquc dc I'abaiage des arbres nc parail pa 
influer sur leurs propri^t^s meeaniques. 

12^°. Le coefficient d'^asticit^ et la cohesion dimiouent 
mesure que I'age det arbres auginente. 

iZ". L'epaisseor relative des couches ne peut 6tre cou' 
dirie comme la cause premiere des differences que 1' 
observe dans un mime arbre , ni de celles qui existent en 
les individus. 

Ilestvrai que, dans lesapin, I'amincissomeut graduel 
couches marcbe le ^us souvent dans le mSroc sens 
Taugmentation des propriety du centre a la circonfere 
raais, dans lea cas oule contraire a lieu , cette augment; 
reste n^anmoiiu sensible. 

14°- Leg bois venus aux expositions nord, nord-' 
nord-ouest, et dans les terrains sees, ont toujoui 
coefGcient d'^asticite ^vo, et d'auuot plus fwt qi 
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deux QonditSons se troavent r^unies^ tandis que les arbres 

ream dam 1m t«miiii» fimgeax pr^sentent lei edeffidenu 

les pint faObles. 
Cast snrloiit ^oar le hfttre que Feffet dh ces influences 

est le plos marque* 
iS®. Les h^tres vebus dans le gris vosgien pr^ntent 

one dasticit^ slip^rie^ilre k celte des hfttres venua dans le 

griilMgin^ et dans le musclielkalk. 
iQ^. Dint on mime arbre, lesdiversespropri^t^ m&:a- 

iMjtes maidiei]^ presque toujours parallilement. Ainsi , la 
wAe la pli» dense est prdinairemeut celle qui possede 
tnari la plus gr^nde vitesse du son , le coefficient d'^astidt^ 
kpbs Aefij et k plus forte cob^ion; mais ce rapport » 
IX^peu constaBt d^j4 , dans un mime arbre , pour pouvoir 
^ espriin^ par use formule , ne se retrouve q^ raremeat 
h^ifU^onccMlipare «]|tre eux divers arbres d*une mt 
^fibe, el U .diqparatt compl^tement dans les arh 
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Tableau n" I. — Tableau des risultatt d^ expcrieaea 



. De ]'A<Irialiqu<.-. 

- DuCinidd. 

. Vieui boia de vaiuiuii 

DeUoaulieu. Hiiiu. 



. D'mi 






' De Riga. 
Annul.. 

' Oe DinUie, d»s.chj, 

' Qucrcui teuiliaoru. 

' Quenut robur, 

' NuiiTcllsm.alialtii, 4 poiicei 

d'^usrr .aopicdadalong. 
Ni)urt>1lrni. aballu, A poucci 

d'equirritu^e, 18 piols il( 



■ Nourellrm. ab«Uu,8pouc 
d'cquin-iiuce, aopledai 



q,8.o 


RoiHi. 


fi.466 


Barloi 


8.>4i 


Barlo' 


- 


Duh«i 


" 


Aubn 


*• 


AuItj 


, 


Dupin 


> 


Roade 


<,9Ki 


Barto 


7.o.Vi 


Barlo* 


6.506 


B*rIo> 


s,«>1 


jarlcn 


7.(5. 


iarlo. 


R,3So 


■Aboil 


l,lq6 


i:bbnl, 




Ebbel! 




EbbeU 


5.-5.6 


Ebbd. 


9.033 


EbbeU 


«,^i 


F.hb«li 


C .9)0 


Ebb«l> 


» 


Ebbell 




Ebbett 


" 


Ebb«l< 



(;5 1 

•Hrs; air JU demsi^, V-^tfieiti et In eahriiun del boil. 









,:«,.,- 






«T<>.>n BO u» II nui'io.Ki. 


.»».. .«..«,*^ 


„,..,*, 


"5''" 


*■" 


'""'■■ 




PlBliOll. 






7>"9 


Bchdor. 


„ 


W, 


„ 


„ 


7,,j4 


Dtlidor, 


, 


E.Wn>ion. 




,:Mo 




Uinard ct tJcioruHU 


■rf* bomto qnalite. 


Id. 




,,j8 


" 


Ardanl. 


*«nl l<» flbru. 


Fluxion. 




ro5, 


., 


Hafien. 


rfpdieiilairero.JHt fibrei 


W- 




71, H 


" 


Hiijnu. 




E!:ilei<Mon. 




■ 3n5 


- 


PaccinulU .-.l roa. 


" 


Flexion. 


0,7.3 


■ 5o5 




[•atdriuili pt I'cri. 




EilpnitoD. 


0,700 


„ 


8,061 


Daplow, 


I an 4ti c6Dpe 


Flexion. 


o.fiSg 


MIO 


i> 


D..,.in. 




Id. 


0,696 


950 


H,Sf.6 


Birloo 


) qoaliUt moyenne. 


Id 








R.jlii 


Eblmlx.'l'I'ruJuol'l- 


Mge, suiiaiiL Ihi Iilir<ii 


Id 






.483 


„ 


n.c«n. 


rpendicoUiram. uox Hbns 


Id 




„ 


66,3 


„ 


».««". 


tac, •oiiBol iMflbnu. 


Id 




a 


.467 


„ 


H-uen. 


rpeniliculairem. kut nbrot 


Id 
Id 




.,:., 


64.6 
■ OfiS 


" 


H.e.n, 

P^cciuol.i K I'ori. 




CiKma 


on. 


0,600 


„ 


11,097 


Barlow, 


.. 


Id. 




„ 


...9.4 


Barlow. 




FIt.ion. 


0,760 


■ .55 


8,5^8 


Barlow. 


UD ten"" o't'"' 


Id. 






,0,1^8 


Ebbolt el Trcdgolil. 


) qa>lile mojeniK. 


Id. 


0,690 


„ 


8,o31 


EbboU M TfcdBold. 


■■ 


U 


o,,5S 


" 


9,93' 


EbboU H Irodc*''! 


- 


Id. 


0,980 


» 


,3,983 


B.rlo-, 


- 


Id. 


0,646 


" 


6,905 


B>rl.>». 


- 


Id. 


o,S58 


.■94 




Piecinalli nl ['«>. 


ItJttif. 


Id. 


o,37i 


„ 


4,. 3, 


EbbeU "t Trrric"'''- 


■DC. 


Id. 


0,5,1 


„ 


7, 111 


Ebb«l.clTr«d|;old. 


. Xo««De. 


Kileniion. 


„ 


951 




PieeiDolli tt Fori. 


eToMsae 


PlMiOT.. 


0,535 


1106 




PaccinalliRlI'eri. 


,. 


Id. 


o,SS3 


49' 


4,i7i 


Barlow. 


>mniuli. 


Id. 


o,511 




6,83, 


EbbeU n Trcdgold. 


art. 


Id 


0,763 


" 


6,071 


Ebbeli el Tredeold. 


art. 


Id. 


«,970 




6,161 


Ebbeli el TrcdcoU- 


m*. 


Id. 


"•"" 


llOfi 


" 


EI,L,eU CI Trcdsold. 



mm 
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Tableau n" 1. — TaUMu Ja rd$Mltali e 













CM-M- 




^^aa 




"""' 


0,:.,.„i „.. .M, „r„m>:.l^ci. 


"■"'•"""■"^^ 


DUUlll. 


*'Z^' 


- 






Aune 




Fiction. 


0,555 


„ 


6,7oi 


EbbeU. 




Plalnne. . . . 




Id. 


o.filB 




7.679 


Ebbelt. 




CUuiEnier 

Id. 

Id. 


Von. 

D« TOMBOU. 

De ToHanc. 


Id. 
EileniioD. 
FleiloD. 


o,87.S 


1106 

ii;5 


:,,&,s 


Ebbcli 
Ri«i>H 
PacoiM 




Sycatuoni. . 


" 


Id. 


o.Sgo 


.. 


C.768 


Ebb«l. 




Sorblar. . . . 


" 


Id. 


0,673 


,■.0, 


„ 


PacciDO 




OliviBT. ... 


- 


Id. 


<.,fl«j 


wsr, 


- 


PaMiDa 




Acaeii. ... 


Veru 


Id. 


o,850 


. 


7,8«9 


EbbeU 




Siule 


" 


Id. 


o,io5 


- 


4,6.8 


EJ>brii 




Boulcnu . . . 




Id. 


o,7»o 


n 


6,540 


Ebbvli 




Cypr*..... 
Id 


Dn snderoupe. 
DeTtUMOa. 


Id. 
Id. 


o,6fi4 
o,5q» 


.37, 
101 1 


;; 


Daplu. 
Ptccino 




Arbouaier . 


■■ 


Id. 


i,o35 


.J.3 


- 


Peecino 




Id 

Id. 

Id 


D'E.p.gi.e, .ec, 
De Hooduras, Me. 


Eileniian. 

Id. 

Id. 

FledoD. 


o,fi3, 
o,85ti 
o,56o 
0,609 


'4=4 


-S,6o3 
,1,1,7 


Ebbol. 
Ebbel* 
pMOlno 




thiao 


" 


Id. 


i,ii5 


log I 


„ 


pKdn<] 




Teak 

Id 


I 


EiloualoD. 
FIciign. 


o.HAo 
0,745 


.693 


■ 0.609 
.D.386 


Bulow 
Bariow 


^t 


Poor. 


- 


Id. 


0,579 


- 


fl.367 


Barlow 


w 


K.i\h.r, .... 


■' 


Id. 


0,543 


701 


„ 


Borlon 




Ciliba .... 




Id. 


0,57s 


1137 


„ 


B«rior 




C«dn> 


OuLitaD,»«G. 


Id. 


0,486 


« 


5,a,ti 


Ebbeb 


I 


Sipin 

Id 

Id 

Id 

Id 

Id. 

/d. 


De<Uinollt.,35an.dacoope 

Pmio ou de Nof*p|;p. 
BUnc da Chriitlaniii 

Blanc de Qaebfc. 


Extenilon. 
Id. 
FlMton. 
Id. 
Id 
Id 
hi. 


o,6«. 

0,443 

0,660 
o,5ii 
o,465 


lojg 
■ 35o 

8S9 

875 


9,o39 

e,i.9 

7,1.1 


Barlo* 
Barlow 
Da pin 
Rondd 

Barlow 
Ebbcl* 
Ebbd. 



tmitr demHij tAuUetl^ 
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ef laoohMon des bots. • 







^^ 




■■^ 
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■OOR*. 


MtaMI- 


•-* 


' ■ 


d^MM.. 


FleiloB. 


0,5»g 


845 


7,363 


Ebbob ot TMdBoU. 


d'AnelelciTC. 


/A 


0,555 


977 


5,883 


EblMli at TredBoId. 


foiMdaMw. 


U 


0,696 


453 


4,to8 


Btrlow. 


AMMditllw. 


/A 


0,693 


6m 


5,3.4 


Bwlow. 


brttdaHtf. 


/i 


0,703 


611 


5,3.4 


BuJow. 


rofw. 


Eiknlon. 




i6i5 




AkUM. 


Fo-p-. 


td. 


. 


.188 


n 


AidtDt. 


lUaoiMtRuUni. 


FlMiOD. 




>io4 




a.B.o. 




Id. 


, 


■.5,3 


„ 


H.B-«. 




EMD.ion. 




.155 




FacelDoUi ct Pari. 


„ 


FbllOD. 


o,4S4 


940 




pMolnollI at F«ri. 


; ai^ Minm 1« fl- 












• CNpIxUiUqM}- 


Id. 


R 


i33<^ 


• 


H.gn.. 




Id. 


>• 


"5,7 


» 


H^[«.. 


...d^n^ 


/* 


0,667 


"90 


5,658 


Bwriow. 


> e> de U NoatdU- 












llMn.. 


/A 


o,SS3 


.046 


4.650 


BMtow. 


«(d0Dd(lRig^ 


Id. 


•,753 


93> 


4,673 


Birlow. 


;ot4<H.d.fUg.. 


Id. 


o,,3B 


696 


4,43> 


B>rIow. 


tMqM, deWermonth. 


Id. 


0,460 




8,334 


EbbdiotTrodgold. 


.deBIa.. 


Id. 




.064 




Ebboli ot Trodgold. 


*4.IU«.. 


Id. 


o,48o 


i5oG 


6,7o5 


Ebbdi et Trodfold. 


.daRlE.. 


Id. 


c,464 


.4^1 , 




Eblwli ot Trodfold. 














^ 


Id. 


0,640 


1168 


7.95» 


Efabali ct Tradgotd. 


) da UomI. 


u. 


0,553 


.751 


6,895 


Ebboli M Tndsord. 


» d» UBmel. 


Id. 


0,544 


,776 




Ebbeli 01 Trediold. 




Id. 


o,56o 


740 


6,ii6 


B.r1ow. 


t. 


Id. 


o,53i 


433 


3,5ii 


Boriow. 


t. 


Id. 


0,5m 


63i 


4,755 


B.rlow. 


(. 


Id. 


o,556 


740 


4.840 


Birlow. 


i.febuilillaDehoIil. 


Id. 


o,64o 




7.995 


EbboU ct Trodeold. 




Id. 


o,6>i 


■ 


7.047 


Ebboli «Ti«d|o1d. 


«, tai^jwo^ 


Id. 


0,396 


• 


4.074 


EUboIi ot Tra^old. 


hPlD..} 


td. 


0.660 


S61 


6,887 


Btrlow. 


1 



(78) 
Tkbleau d° IL - 



Inpentaire dei ark. 



i* 



■iro.iTW^. 


"5 


„.^. 


.... 


.,.„.r«™.. 


- 


CrtlBilxLtauclHTUU. 










t'^t: 


a. : 


: 


ss„. 


Mam. 




?r^!: 




TVnU 


'^u-r.-.r;:;-; 


K 


CUM t (llUHll M«llc. 


KiS 


K;iS!o";;?}rE- 


ftSK 




" 


Ii*t^ 


K™ 










mnh«lBUl>«l>n>il. 


„ 


CbtBa k (llHdl MBlln. 


»»Qt 


IMS: 


Terr.u 


M 


^ 




Mail 






M 


n 


Cli*ii« • [Itidi uul1» 


.01 .a.. 


torrorl.. 




M 


u 


Ck«iiet(liaiIiHHllr!i. 


I» M°>. 


BtKTTle 


ThtUs 




■) 


Bipln. 

aft 

K 


Hi Ml. 


r 






H 
H 
















d-::::::::.::::::- 


?S!S! 


OUCK 


» 


8.PIII. 


lU un. 


Bu» r.l=-SBr, 
Hlrnel- 


TvrUi 


w 


M 


Sinn. 


lUU.. 


Bu« Paln^c 


^mm 


Ld 


U 


PI. 


<in.n. 




Ttmh 


ii;:;;;;::-;:'-: 


M 


S: 


MlU. 


SESS: 


Tamil 


»:;.;;::::::.,;: 


;: 


l!K- 


mIC^: 


T*w di Groi-ltnuEiBoel. 


tSSH 


TeiralDf rufeui 


i> 


Cbtn* > iUdiIi hk<Im 


TIUI. 


ttn|M^n-lMiiD». 


T.rrau 




" 


»;; 


uo .... 


' ' " " 






;:;": 


" 


'" 




...« 
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d'mUomgemtHt et 4* fioHon. 



fcj'M 



trbres c«<ipes hen %m. 






■M BH mXlUn, M ffuM MM*llHIIHIlI ; 

D* «m WUi Ma hum, H dM bal ucnil>i< 
M M UUHa Htr* u Ma nam . M «iil f •< 
It u Uinil Hu •oul , lrt»-kMMka il J«i 



i'i°Ka''»t. ID aJIJcs dDi uMlli dim iM 



Kn 4-IIII niMa MXTolwiDiiai. < 



imHiL ilgiil lei ruliiH killMlaBi 



(8o) 



[Suite.] 



Tableau n® II. — Inveniaire des arbrt 



lUOfnioN. 



e 6 

II 



Terrtinf r«ritli» 4 l*oiitft 
Id. k roBMl 



■ «•••. ■ 



Id. an nordHMMat. 

Id. aa nord-raaai. 

Id. M 

Id. a« 



TerralDfl seca InoUnaot 
Ite^remaat aa nUdl 



Terralnt farfllea Inelloant 
MctetBMBt aa larant. 



td. 

it: 



M. 



Tarralnt faafsax. 



Id. 
Id. 
Id. 



Tarrasae en tarraa rat- 
portiei, abrltto an nord 
pardaa conatrnotlonf.. 



Tanaint aaea InellMBtl 
MfArament an mldl. . 



Id 



I Tarraint fartllaa inelinaat 
l^irement an larant. 



Tarraiai fanfaux. 
Id 



Id. 
M. 



t 
t 
1 



4 
f 
% 



ta 
11 
-If 



64 



88 

61 

at 



19 

ao 

17 



AOB. 



oA rarbra a dl6 ooopA. 



M 

48 


CMoa 4 fftanda aaaallaa. 
f^lifg^ iTfflaMa tttntlOT. 


soaos. 
100 ana. 


Banarla. 
Bartaria. 


U 


Sapin. 


Hana. 


Groa-RoBftmoot. 


10 


Sapta. ^ 


101 ana. 


Groa-Roaflffloat 


M 


»!•. 


88aBf. 


Barfaria. 


44 


mtra. 


•oaaa. 


Saisavfa. 



Cbtoa 4 fflanda pedonqnl^ 



BOtra. 



f laada aaaallaa. 



GMm 4 Klanda pMonmUda. 
CMna 4 gtanda aaaallaa. 
Hdtra. 



Traanbla. 

CMna 4 gUada pMooealte. 

GMm 4 gtanda aaaallaa. 
iUlra. 

Ataa. 



Paofdiar. 



74 ana. 

78 

7f 



78 
74 



81 ana. 



71 

40 
87 



88 ant. 



BoU-Canon. 
Bola-Caaaii. 
Bota-CanOo. 



Blaovll. 

Btaenlt. 
BaaaaBlaaaU. 
Baaaa Blaenlt. 

Tra»aMa da Nldarborff. 

Rttlaaaa* da FraqMUtaiK. 

TtaiMdideda Chaaaa. 
Balaaaan da FraqnelllnK. 
Ralaaaaa da Fraqvelfbiv, 



Yarraria da Clrar. 



CMna 4 glands pMonoa14a. 
Hitra. 

CMna a fflanda pMonealte. 
H«tra. 



CMna 4 fflands pMonenlis. 
H«tra. 

Fr8na. 
Onna. 



78 ana. 


81 ana. 


74 am. 


88 ana. 


78 ana. 
78 ana. 


48 ana. 
47 aha. 



Mlnlara. 
MinMra. 

mm^ra. 

MlnMra. 



Drlnffva. 
Drlnffva. 

DriAfva. 
Drtnffva. 



Ti 

T« 
T« 
T< 



T. 
T. 



T( 

Ti 



T« 






T4 

Ti 
Ti 



(8.) 



> d'ailiingemenl el dc ffri. 



Arbres wmpfs en %m. 



qualqiH 1CDp> igr plict. 
4rhre cm dim* «d L«mta plArnai, eiqnl *f4lt tin domini dAoiu Jennout : c 

en pMuilrii nieaMit EonldeiglHidslariireiMniiiiilr ji««cH>rr< 
Arbrc crtdiu on miuiili ullllt irct-clilr-plull , cmii>i so t^'ii, icatci « I 

oneliiaii Ismpi >ut plii*; conn"* snliar 



Arbns coiip« brs sire. 



Arbrei toifis hors s^tc. 






(8. ) 

Tableau n° III. — Inventaire des arbres coupSs pour ies ei 



BXMMITIOII. 



NATITKB DO TCBlAItl. 



nuMteo 
d0 Tarbre. 



miM 

iconle depait ta coape. 



roKtr 00 fktkn 



€«£!¥Ek 



Est 

Eat 

Nord.. 

Midi 

Midi 

Sad-ooett... 

Sad-6tt 

Nofd 

Est 

Est 

Oa«st 



Gr^ bigarr^. 
Grte bigarr^. 
GrAs vosgien. 
Grte Tosgien. 
Grte Tosgien. 
Grte Tosgien. 
Gf&s Toigien. 
Grte Tosgien. 
Gffte bigirri* 
Grte bigaiT^. 
Grte bigarr^. 



I 
a 

3 

4 
5 

6 

7 
8 

9 

10 

II 



2 ans. 
a aD8« 
a ans. 
a ans. 
a ans. 
6 ans* 

3 ans. 

2 ans. 
a ans. 
a ans. 

3 ans. 



Sainte-C]air«. 

Saiiite-Claire. 

Glissi&re. 

Bergerie. 

Fraise. 

Charmille(aul 

Hans-Sprung. 

Gliftsi^re. 

Sainto-Claire. 

Sainte-Claire. 

Saintc-Clair«. 



NATOai Ml TniAIII. 



mniteo 
e l*arbr«. 



TIMM 



teoale depvU la covpe. 



roatr ov l'abbkj 



SAPimr. 



Sod . 




Grte 


▼osgien. 
▼osgien. 


1 


Sad. 


• ••••• • 


Grte 


3 


Sod . 




Grte 


vosgien. 
▼osgien. 


3 


Nord 




Grte 


4 


Nord 




Grte 


▼osgien . ' 


5 


Nord 




Grte 


▼osgien. 


6 


Nord. 


ouest.. 


Grte vosgien. 


7 


Nord- 


oncflt. . 


Gr^ 


▼osgien. 


8 


Nord- 


ouest. . 


Grte 


▼osgien . 


9 


Nord- 


ouest.. 


Gr«s 


▼osgien . 


10 


Nord. 


ouest.. 


Gres 


▼osgien . 


11 


Nord. 


ouest. . 


Gr^ 


▼osgien. 


12 


Nord- 


ouest.. 


Gr^s 


▼osgien . 


i3 



r an. 
I an. 
I an. 



1 




I an. 






1 an. 






I an. 






1 an. 


■ 




I an. 






1 an. 






I an. 






I an. 






I an. 




• 


1 an. 



Mirguet. 
Mirguet. 
Bupt de LarO. 

Rupt de Lard. 
Rupt de Lard. 
Rupt de Lard. 

Roogimont. 

Rooginoni. 

Roogimont. 

Rougimont. 

Roogimont. 

Roogimoot. 

Roogimont. 
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'■ des ecbantitlons employes dans lapratiqut 













4.«. 


D,U7S lur o,o8o 


TnfU ou cherron. 




4,00 


a,oSi tar o,oS] 


Tnfld ou cberroD. 




e,53 


o.i3e lar D.iei 


Piece de 5 1 6 (gimple panoa). 




6,fa 


o,,59.u,o,.89 


Piic« ds G i 7 (aimple pauiia). 




6,10 


0,l8l lUT 0,310 


PiAco dB 7 i 8 (pmine). 




7.'* 




l>i«ca de 7 i 8 (panns). 




5,8j 


o,i3i IMF o.:i53 


PiAcodoSiigHP"'"'*)- 




S,ii 


o,..7 <» 0,137 


Pitoi de 8 k 4 (ptnne). 




3,3i 


0,]4l IDF 0,O2S 


Planchu (enlTB'oin). 




3,65 


o,i43 .mo,o4i 


PLncha (ich.ntillon). 




6, So 


o,J9J.«ro,o51 





Tiiiiii. 

Talllit. 



Mouifunpou 

M)iMlfanp«D 
elair. 



■o"? 


0*76 "r 


■98 


10,36 


o,oS8 lor 


ii5 


10,47 


a,3M IKT 

o,ai3 tnr o 


»45 
i4o 


10,49 


0,,6n.UF0 


,96 


10,56 


ft,094 'ur o 


>3o 


■ 4,00 


0,090 in 


3.4 


10,50 


0,096 tnr 


.14 


■ 0,1. 


0,164 tUTO 


'94 


,oM 


o,!]."! sur 


5.',3 


i3,oo 


o,»4 lur 


i83 


4,i3 


0,,50 SOF 


■.57 


4.M 


o,a43 ror 


oaS 



Pltefl d« 6 i 7 (([■spic panne). 

Plice do S )i 9 (pBDae). 
PItee de 8 & I) (panne). 
Pi^ de 6 k 7 (aimple pinna). 

P16ee de 11 i » (rcchiirj;D). 

Cbeiron. 

I'lico do 6 i ; (simple pa^ine). 

Pi^ da 8 i g (panne). 

Piica de g ji 10 (panne), 

Madrler. 

Planebe. 
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□urms.. 
Tremble 

Aune... 

Sjeoinon 

Enble. . . 
CUne.. 
CUne.. 

CUne . . 

CbSne... 
Bouleau. 

BMn.... 

Cli6ne.. 

Frtnc... 
FrtM.... 



M, N.|3] 

aj. K.tJ] 

34. (I) HI 

34-(.)E.l5] 

34- (3) E. [a] 

H- (3)E-[4) 
39- I<! 

39. N.i3i 
4i.(.}E.[3l 
r>- E.[3i 

37. [I) 

5;- 1.1 

58. N.[3l 

fi4{0in 



8oS,Sj 
806,43 
807,18 
797 '"9 
798,06 

779i'i 

Si 

8i5,3S 

Bi6,5u 
781,01 
781, SP 
'»■>,-» 
608,90 



791,38 

807 |88 
808, 3d 



778,. 5 
6i3,7S 

8.3,r8 

8i3,ei 



807,53 

807 ,56 
78>.s3 

78-, 94 
781,53 



8o3,(^ 
803,71 
(«o3,8o 



«'i'^« 



793,05 
73i,33 
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..M....JJJ I 




















....,a. 


;z: 


...... 


dM pnlo" dTriptre 


-^««.- 


-■■;;■ 






" "uS'm 








*'Fihi 






fUU^. 




«,.!*«.. 




ctatf*. 


.KS.. 


eB^Dlll'lm'. 


'" 






















64. (3) Kl 


l,9,i' 


'7." 


(o 


:8i,»5 
783,00 


S;';; 


''Sfifi 


7...i 




S6. (ilE.UI 


".<;• 


iG,fl3 


35 
i55 


77fl,8o 


4,U3' 


,„.,. 




66, (OE-m 


iJ,u5 


■ G,63 


35 


7i«,j9 






) 








.n 


?S;S 


7.;;,74 
755,73 


l!>83 
3,3,1 


.163,11 




i8.(i)E.iai 


S4,3, 


i6,l8 


i55 


Is 


,S5,«J 
7«9,"« 
789,06 














»o 


?!».•• 


789,". 


978,4 










110 

i6o 


?3?;S 


S:S 


,,370 
3,395 






i8. ;i)E,i3i 


^5,o7 


■ 6,j8 


8a 




798,70 


1,71s 


,(,=,5 




i8.(0E,l41 


-W.7i 


iC,a8 


"i 


79^.3' 


79', 81 


0,631 












79J.81 


701,81 


i,„5 


,48,,s 










\z 


793." 

793,86 


79' .78 


1,718 




.8.(i)E.(5j 


45, ,6 


t6,38 


& 


790.35 


^•" 












79'. >4 


789,77 
789 >79 


'.'90 

1,153 


,559,6 




65. {%) 13] 


loCCo 


io,i6 


|80 


291,81 


M 












;?i 


8'j5,39 

8j5,7i 
816,06 


814 i>8 

a;) 


.,468 


io5«,8 










195 


8j6,43 




,,7i» 







65. [C) \i\ 


.o4,.)5 


>o,iG 


85 
1 


739,63 


lip 

m 

8,1,0 


i,'S8l 

,,0D7 

,,46i 
,736 


9^7,9 




65. (6) i5i 


loj,.; 


.0.6 


,^5 


tk 


':p 












175 

Dl5 


83?, II 

Hi5,35 


8,3,98 

8,3,36 


;& 












■.55 


8i5,5a 


8,3, bo 




..53,4 










iifb 


8i5,B5 


8,3,89 


l',^ 












A 


8iO,i8 


8,3,08 


;;5s; 












355 


8ifl,i8 


8,3,99 












1 


8,6,44 


833,99 


.,9-3 






3i.(0N.(l! 


^o-ao 


i3,5o 


?^:'.; 


778,91 
778,90 


;;S2 












80 


780,68 
781,41 


77B.9' 
778,09 


!'5 






66. (,)0.ili 


■)3,lo 


ij,6fi 


1" 


799, '7 


796 3S 
796.46 
796, J. 


3' 317 




« 
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Tableau n^ V. — Determination du degre d'iuunidiii A 



' Charme 

Tremble..... 

Aane ........ 

Syoomore • • • . 

Arable 

Chdne 

CbAae 

Chtoe 

fiottleeu...... 



'flelre. • . • •• 



Hdkre... 
Hdtre... 
Frdne... 
Orme. . . 
PeopHer 
Peuplier 
Acacia.. 
6apiD. . . 
Sapin. . . 
Sapin... 
Sapin... 
Pin 



I 



Pin. 
Pin. 



mniiio 
I'arbn. 



■Olt VSftT. 



QuBtliA 

d^O OB 



crattiL 



7 
8 

la 

33 

34(1) 
34(3) 
45 

39 

4i (0 
4i(3) 

46 

5? 
58 

64(0 

64(3) 

66 

i8(i) 

i8(3) 

i8(5) 

65 

3i(0 

3(1) 
3i(3) 



37,33 
38,56 
38,55 
3i,63 

a9»o4 
17,40 
17,16 
44,83 
37,83 

19,46 
15,69 
33,41 
3i,5o 
33,36 

33,73 

18,43 
21,87 
i8,65 
18,78 

30,30 
61,60 



rf 



HOIS 
4niit QUBMKit xwKn db »aHMr AO UUMMUTOmX. 



Nooibre 

de 
trlBflat. 



14,07 



wm 



H 



7 
6 

6 

n 

5 
3 

4 



5 
8 
8 
3 

34 

13 



5 
4 



n>ldf 

att montot 
de 

•nfranmes. 


Pofdf 

prinlttf 

tafraiBBM. 


QunaiA 

d*6aB oa 

eaatttaMS. 


da 
trlaglii. 


H 


n 


n 


3 


u 


H 


M 


4 


IV 


m 


n 


• 

3 


IV 


n 


9t 


3 


*f 


IV 


99 


3 


492,37 


484,07 


19,08 


'7 


36o,48 


363, 40 


i6,63 


13 


686,85 


9>9,44 


19,53 


'7 


H 


m 


» 


5 


35i,3o 


354,47 


18,33 


13 


163,70 


161, 38 


16, 5o 


8 


31 1, 04 


33o,63 


13,93 


10 


M 


n 


99 


3 


H 


" 


H 


4 


i55,38 


i55,66 


33,55 


8 


133, ?5 


135, 5i 


i6,63 


33 


353,62 


363,45 


18,89 


"7 


308,67 


3io,8o 


>7,97 


«7 


106,00 


104,88 


19,84 


13 


1913,00 


>957i09 


30,18 


^4 


576,63 


1061,87 


i5,9o 


13 


354,71 


5o8,66 


11,68 


w 


i55,53 


154, 65 


i4,63 


9 



tm 



(»7) 

le chacane lies ejep^rienees relatives h leur elasticite. 





















.»tCN< . I 


TT-f!"!*,!-.. 






„..„™,.. 


m 


trindB. 


fDldi 

(ilirulDU. 


Poldi 

prlmJII! 


lt..U.ll(l 


°"mJ* 


OI 


, 


9.," 


138,67 


3,,,7 


8,95 




S3 


4 


i4i,i5 


30l,65 


38,56 


B,e. 


I 


o3 


1 


.M,8S 


.41,3. 


,8,55 


9.=5 


1 


08 


3 


.13.94 


.56,7. 


3., 6, 


10,7. 


■ 


.79 


3 


"7, 04 


.59.18 


^9,04 


8,7s 


1 


.96 


9 


535, J. 


58,, 99 


.7,40 


g.M 


p 


.Si 


^ 


S97,8i 


3,5,3« 


.7,. 6 


8.71 


1 


,51 


8 


786,87 


i,i3,,8 


44.83 


9,16 


"ji's.-ffj.-w'sysrL 


.67 


5 


»5.,ni 


35, ,88 


37.83 


9,0, 




M 


6 


,77,88 


i<n,^<, 


'9,46 


B.77 


1 


,S3 


4 


1M,M 


,=9,53 


'5.69 


7,83 


1 


if. 


S 


=84... 


3,6,. :i 


".4' 


9.5= 


1 


H 


1 


9S,64 


.,4.oi 


3. ,50 


8,6. 


1 


t7 


4 


.93.73 


»55,D5 


3J,,fi 


9. J' 


r 


,. 


s 


.4,..8 


.60,4. 


",73 


..,37 


1 


66 


.n 


m6,19 


i47.fi. 


,8,43 


9,8, 


■ 


18 




308.56 


353,63 


,.,87 


9,'3 


1 


98 


8 


»85,ii 


3i6,SS 


.8,65 


8,7' 


w. 


Si 


S 


3i5,33 


357,48 


.8,78 


9.79 


' 


tti 


7« 


t35i,5. 


.55,, T9 


,0,10 


l.-'l 




5o 


" 


,r1.43 


47».Bfi 


6., 60 
,.i,07 


9. "7 


L<* twi llnii qgl rormino- 
dMl 10 Apdl M litMtloln 
■ H HCODdt fDlilei ulnilH 



(88) 

Tableau n"" VI. — Degre dWiumidi 



BMBRCI. 



CMne 

CMne , 

Chioe 

CMne 

Chtoe 

CMiie 

CMne 

CMne 

CMoe , 

Chdne 

Ch^Qe 

Ch6ne 

Chtoe 

ChAne en i^Te. , 
Ch6ne en s^Te. 

CMne 



vimito 
de rarbrt. 



I 

6 
II 

7^ 

33 

33 

4» 
44 

46 

49 
53 

55 

6o 

6i 

3 

3 

4 

5 
9 

10 
96 

3o 
34(3) 

34(4) 

35 
36 

37 
38 

43 

45 
48 

53 

56 

59 
6i 



QDAimTi B*gAD 

ewMi 



38,3o 
43,37 
43,17 
37,43 
39,43 
38,31 
39,88 
39,38 
33,45 
43,58 
33,07 
34,35 

34,87 
37,4^ 
39,10 
45,18 

37,15 

35,36 

38,01 

33,73 

36,39 

53,11 

55,89 

37,69 

34,97 
37,53 

40, 31 

40, o3 
38,45 
34,33 
41,70 
53,75 
37,11 

44.e4 
40,69 
41,73 

40, 6e 

41 ,01 

35, o3 

4»,46 
37,83 

35, 4e 



TATIOM. 



moment de$ 



sTe 

ire 

* • • • • 



(89) 
\enees par la flexion. 



■miiao 
t rarftrt. 



7 
«o 

8 

12 

23 

33 
95 

39 
57 

58 

63(0 
63(a) 

64(a) 
64(4) 



16 
"7 

18 (4) 

.8(6) 
19 

30 
31 

^4 
38 

47 
5i 



i3 

14 
i5 

3i 

3i 

5o 

54 



(4) 



OOAHTTri 

•n eeatttmet. 



53,07 
30,37 

37,07 

54,46 
38,98 
38,31 

4^,89 
34,05 

26,79 
36, 3o 

24»99 
34,a6 

39,38 



36,46 

43,11 

39»93 

34,92 
49,63 
38,78 

48,47 
45,07 

35,85 

33,73 

48,33 

53,57 

40, 65 
43,3i 

49,74 

45,44 
5i,58 

42,29 

48,16 



OMBftTATlOHI. 



€«tte MlleafiBt M rempoe pendant rexpirienee n't 
p«f H/k oonsarrte, ■«!• elto detail eontenlr a pen prta 
la mftme qnantll* d'Mn hyfrom^trlqne qne le moroeaa 
64 (t) protenant dn anAme arbre. 



8 



( 90 ) 
Tableau n** VII. — Rapports etitre les vitesses da son ei les coi^cienU S^ 



BtUNCB. 




CbonM.. 
TrMBbto. 



• • • • « 



AraUe. 



1mMH#. 



BoalMB 



H«lr«. 



HOlre. 



HOlre. 



fMoe. 



Or««. 



Peiipller. 

Peaplier. 
AcMia... 



7 


11 



04(1) 



«(0) 



40 



SO 

41(1) 

41(1) 
40 

87 
00 

04 (1) 

04(0) 
66(1) 



momOko 
deU 
trlDfle. 



N.|i: 

N.ll] 
N.lol 



E.ri) 




E. 



7 



^■ffl 



E.IO) 



E. 



V 



N.lil 



'••IJ 



N.(4) 



E. If 
V 



ODAN- 
TITi 

d'eoo. 



07,11 

00,80 

10,00 
01,01 

10,70 

10,00 



10,60 



10,00 



07,80 

10,11 
10,00 

io,n 

81,80 
00,10 
11,88 

11,88 

16,«S 



cosmctsMT 
d*01wllel^ 
douiA p«r 



rallon- 
cvmeiit. 


1«S 
▼Ibra- 

tiODf 
lODfttU- 

dlnalM. 


606,0 
080,0 


700,0 
001.0 


710,0 
1000,4 
1010,1 


071,1 
1009,0 
1110,0 


710,0 
000,7 


710,1 
1110,0 


706,0 
1100,7 


701.1 
1400,4 


000,0 
1010,1 


1001,1 
1146,0 


1111,0 

1170,0 

000,0 


1100,0 
1070,0 
1000.0 


1141,4 

1006,7 

000,0 


i4a,7 

1000,1 
1106,8 


1000,1 
U1,0 
000,1 


9H,1 

470,4 
808,0 


000,4 

1170,4 
000,0 


1100.6 

1S90.7 

970,7 


1010,9 
900,0 


900,6 
1000,7 


000,1 


799.0 


000,7 

1104,1 

090,0 


1001,7 
1160,4 
1114,1 


980,0 
1171,0 


1110,7 
1470,4 


400,1 
1000,0 


800,1 

1140,7 


0U,1 
011,0 


400,0 
000,1 


700,6 


760,8 


1410,8 
1004,0 
1400,0 


1871,0 
1009,0 
1068,0 



«4VP0KT 


■OTBim 


1,140 
0.001 


1,100 


0,010 
1,000 
1.100 


1,0U 


1.000 
1.107 


1,070 


1,077 
1,101 


1,184 


1,019 
1,117 


1,000 


1.111 
1,110 
1,100 


1,100 


1,168 
1,000 
1,107 


1,104 


0,044 
1,008 
1,180 


1,010 


i,m 

1,101 
1,007 


1.107 


0.000 
1,000 


1 ,010 


0.001 


0,001 


1.480 
1.000 
1.080 


1,100 


1,160 
l.MO 


1,164 


i.no 

1.107 


1,100 


O.MO 
0,047 


0,087 


1,000 


1,009 


1,010 
1,110 
1,070 


1,106 



TtTUM M MM 

doBBte par 



I'OllOll- 



0,00 

10.00 

11.01 
10.80 
11,00 

11,10 
11,04 

10,70 
11,10 

11,01 
11,01 

11.74 

11,70 
11,74 



11,00 
11,01 
10,67 



11,70 
0,60 
0,00 



10,04 

11,40 

■0,00 

11,18 
10,01 



0,70 



10,47 
IMO 
10,00 

11,80 
11,04 

0,01 
11,18 

11,00 
11,81 



10,16 



10,11 
10,81 
10,11 



IM 

Tlbra- 

loiiffita- 
dhules. 



0,90 
10,19 

11,00 
10,06 
14,00 

11,17 
10,00 

11,10 
10,84 

11,74 
10,01 

11,00 
10,01 
10,01 



11,01 
11,79 
11,18 



10,01 
0,01 
0,81 



11,00 
11,00 
10,44 

10,77 
11.48 



0,71 



11,01 

11,60 
11,66 

10,00 
10,00 

9,00 
11,01 

11,80 
11,10 



10,41 



18,10 
14,00 
10,87 



ftAVMaT 



1,117 
0, 



0.061 
l.< 



1,006 



1,110 

1,010 
1,007 



1,< 

1,100 

1,^00 



l,07f 
1,010 
1.100 



0,010 
1,041 
1,0T7 



1,110 
1,040 
1,101 

0,000 



0,fOO 



1,1 

1,041 

1,101 

l,l«7 
l,ltt 

1,101 

1,111 

0,000 

o,r4 



1,010 



1.140 
1,100 

i.r 




1,040 

1,< 

l.( 



1,074 
1, 



l,OTf 



1,011 



1.110 

l.< 
0,1 

1,110 
1,110 

i.m 

0,000 

1,019 
1.097 



1 amjrMM tiet viknutont hmgiutdimalet et let m4met eUlmrnu 



iTUlto. 


tift 
Cm. 


S^-E^'frt" 


■— ■ 


■•— 


.,T«« 


...„ 


..™., 


„,.... 


,.„ .......1 




'"""-' 


c*.,.;^^ -1 


11 


Si 




sS; 




fl 


..Ill 

il 

..111 
•11 

"is 

1 
..1!! 

'1 
• .SI 

'i 


u.n 

M,« 

U.M 

i<,n 


ttM.I 
UU.* 

isii 

MI.I 

1*11. t 

HW.T 


iTt.T 
IMT.t 

lIN.t 
llM.t 

tai,t 

11 

IBl.t 

iirtiiii 

lUt.l 
lUt.t 

IS:! 

iw 


■ Ion 

■ .HI 

I. MO 

I.IW 
MM 

i.im 


i.it* 
i.nt 

l.OTt 
1,1«T 


11. M 

■ ,M 

W.<m 


11. u 

iijai 


ii 

;:S 

I.OM 

i;«i 

I.OM 

i.on 


l.OffI 
I.OM 

.... 

i.«n 


l,OU 

l,DM 
l.IU 


1.011 
1.0*1 

i.oti 

l.MO 

l,OI« 
I.OM 

I.OM 
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Tableau d^' Vn. — Rapporu entre les viUstes du son ^ktm4 






(93) 

imA «« mtyat del vibivtiomt limgitiuiiiMlet el let k 



— 


■milt. 

dell 










— 


.,„.. 










,..,. 




1 


- 


ll-«>. 




..™ 


";™.:™ 


■•"■' 


7"i-r=^| 


•■ 


m 


i- 


I'tUon- 

IHMBl. 

";« 

ii.n 

Ii:!: 

ii;n 


in,« 

iJ;S 
li:S 
i!:S 


S 


1,M« 


VI 

(11 
(It 


* 
B. t 

e. I 

B. < 

' i 


11 


H 


IM?I 

ii«;i 
iw:) 

in!) 

as 

tw.v 


IJS'S 
IS'! 

ii 


i: 




i.na 




S 


1 



(94) 
Tableau n' VIII.— Poidi tptcifyiu, viteisedu tan, co^eieiu dViatticUii c 



(95 I 
bret, dmnt let mimet eoMekei el daiu la lUrecthn dej quatrt poialt cardinaux. 



lUt k«. 


'■ 


Hortntia. 


-^ 


T^ 


T^ 


^ 


'tz: 


..„,.„.... 


1 

JJM.J 

i 

•M.a 

J;! 

'S!:! 

■ IM.t 

jlS:| 


'S! 

lii 

IW.il 
Itai.s 

I* 

Si 

i»T:a 
■ull 

mil 

IS;! 


i! 

i 
ill 

noil 

i 

.iir 

:| 

S'i 

IMl.l 

iu>;a 


«;m 


S.It 

t'.vt 

i;5 






till 

t.*t 
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[Suite.] Tablau n' VIII. — Poidt spec., vileue du ton, cofffie. d'^last. 



™™ 


"T 


u'mu 


murJl*. 


MM.. .I.fr..,„il. 


~" ■ 




„ 


.. 


s. 


0, 


« 


1I0I.»M. 


«. 


- 




S-lit" 

Aipln. , . 


Ufl) 


11,M 

U.tP 
KM 

1«,M 
It, ID 


i 




■M 

US 

MO 

■H 


oitu 


D.tH 

O.iH 
0.»7t 

O.lfk 
O.tM 
D.HS 

olui 
O.IM 

i-s 

dim 

«:••) 

D.tM 

S;St 


s 

:« 
lis 

:i 
jiis 

oiui 


o.m 


ii;u 
IK 


in 

;i:S 
«:!; 

iiiS 
ita 

»:« 
it;*i 

li;S 

sS 

<■!« 
«!»• 

!|;S 

ii'm 


s 





fibrety daiti lc$ m€ma eouekes tt dant la direction des quolrcpmntt eardinaux. 
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Tableau n" IX. — Propritkes m^aniqut 



BMEflCB. 


inmiBo 

de 
I'arbre. 


Qi^AirriTt 
d'ean. 




PENSITl 


B DB» COUGIBS. 


5. 


TiTCIM te BO* Bit 


1. 


1. 


3. 


k. 


1. 


■ t. 


s. 


Charme 


7 


37,22 


0,721 


0,772 


It 


n 


II 


9»90 


10,19 


n 






11,01 


0,571 


o,65o 


II 


II 


m 


»i,9» 


12,55 


m 






8,95 


o,5(i() 


0,594 


n 


II 


It 


i3,3o 


iii96 


m 


Tremble 


8 


38,56 


0,462 


0,467 


0,496 


0,553 


II 


11,36 


i3,86 


.3,4 






11,83 


0,436 


0,498 


0,486 


0,527 


n 


i3,33 


13, on 


.5,4 






8,61 


0,421 


, 502 


0,473 


0,521 


II 


14, 85 


i5,i6 


.6,. 


Auoe 


I j» 


a8,55 


o,5i3 


0,547 


0,522 


II 


It 


11,17 


14,06 


.3,8 






16, o3 


0,490 


0,525 


o,5o4 


n 


II 


i3,o5 


l5,13 


>4>9 






Oj^'i 


0,453 


o,5oi 


0,475 


H 


II 


15,09 


»4,97 


i5,3 


Sycomorc 


ri 


3i,63 


0,541 


o,6o5 


0,679 


n 


II 


11,18 


i3,i4 


i3,5 






i5,o8 


0,52! 


0,569 


0,611 


II 


M 


12,53 


14,^4 


.4,5 






10,71 


, 5o5 


0,533 


o,6i3 


m 


II 


»3,97 


14, i3 


i3,5 


Arabic 


»3 


•39>o4 


0,583 


o,63o 


o,63o 


II 


n 


11,38 


II, 41 


">»7 






i3,79 


0,549 


0,584 


0,602 


II 


II 


>3,74 


i3,i3 


■3,0 






8.75 


o,5i8 


0,592 


0,607 


n 


It 


i3,9o 


i3,63 


i3,g 


Ch6n6 


S 


19,08 


n 


0,715 


o,8i3 


0,800 


0,591 


M 


12,52 


14,5 






17,40 


0,757 


^n'o^ 


0,799 


o,7»9 


0,614 


».« 


i3.ai 


i3,o 






10,96 


«.7l9 


0,774 


0,789 


0,743 


0,627 


1 1 , 55 


13,98 


i3,5 






9? 20 


0,707 


0,758 


0,752 


0,72:^ 


o,655 


i5,a3 


13,98 


13,4 


Chdne 


V, (3) 


17,16 


0,713 


0,751 


0,749 


0,641 


II 


12,58 


i^»47 


"j9 






16, 63 


w 


, 765 


0,711 


0,629 


II 


II 


i3,oi 


19,0 






8,7:1 


0,677 


0,718 


0,680 


II 


It 


'3,76 


i3,oi 


11,3 






8,54 


^yl^ 


9.7^3 


0,742 


0,637 


II 


i3,38 


i3,i6 


12,5 


ChAne 


1^ 


14,83 


0,726 


o,83? 


• 

0,852 


, 685 


0,635 


9.84 


9,66 


9,6 






It 


n 


II 


II 


// 


o,6o5 


II 


n 


It 






19.5.^ 


tt 


II 


0,701 


0,533 


o,58o 


It 


II 


10, •; 






n 


It 


II 


II 


II 


, 53 1 


II 


II 


It 






10,5', 


0,646 


0,693 


0,699 


o,56i 


0,554 


12,14 


i?Too 


12,' 






n 


n 


II 


II 


n 


0,482 


ti 


If 


It 






9>»6 


0,693 


0.702 


II 


0,713 


0,587 


IV, 37 


i3, 12 


. n 








II 


tf 


II 


n 


0.533 


II 


» 


m 



(99) 

' de$ fibres et a dijfirents degris d'humidite. 



'''Uit>^ 


















^-^^ ^ 


Zmr^'^^. 


1 


inar k^fakAmcni i 


BM CODCHU 




COHiSIO?! DKS CODClEi PAft MlLLIlliTftk CAIIfti. 1 


I 


t. 


4. 


1. 


1. 


s. 


9. 


*. 


6. 


>3,3 


It 


99 


99 


3,60 


3,86 


99 


w 


// 


'».» 


»f 


• 

99 


99 


3,83 


3,3i 


99 


99 


99 


«,i 


IT 


99 


99 


99 


99 


99 


99 


99 


9,8 


1010,9 


1330,0 


99 


i,3o 


4,08 


99 


3,66 


9t 


i9,5 


l3l3,0 


i6i5,o 


99 


3,18 


5,5/, 


6,60 


7,60 


99 


(8,6 


i38o,o 


1669,3 


n 


99 


99 


99 


99 


99 


«,7 


iii8,8 


99 


99 


3, 11 


4,39 


3,83 


99 


99 


■0,6 


1374,1 


99 


99 


3,16 


4,53 


4,96 


99 


99 


3,6 


1965,0 


99 


h 


99 


99 


99 


99 


99 


4,8 


i4oo,4 


99 


99 


2,36 


6,33 


1>V 


99 


99 


|8,9 


1457,1 


99 


99 


3,»9 


7,08 


5 W 


91 


99 


»,» 


1363,1 


U 


99 


99 


99 


99 


99 


99 


3.» 


978,0 


99 


99 


1,54 


i,3o 


1,56 


99 


99 


16,5 


1146,3 


99 


99 


4,o5 


5,07 


5,10 


99 


99 


«7,8 


i33o,3 


99 


99 


99 


99 


99 


99 


99 


i9,8 


19^5,1 


i534,i 


1114,1 


91 


5,06 


6,90 


8,90 


6,47 


18,8 


i54o,3 


i^9i.7 


io5i,5 


99 


99 


99 


91 


99 


•S," 


1654,0 


>472,4 


1176,0 


4,3i 


5,26 


6,73 


8,87 


7,69 


li,o 


i535,6 


1634,3 


1^17)9 


9t 

• 


91 


n 


99 


99 


.4,6 


iai4,3 


1090,4 


99 


99 


91 


rr 


99 


99 


»,« 


ii53,5 


1037,8 


99 


9t 


5,73 


6,33 


5,00 


99 


i8,9 


ia38,6 


99 


u 


99 


99 


9t 


99 


99 


»7.6 


i329»7 


I306,l 


91 


3,73 


6,94 


6,68 


5,98 


99 


?7.8 


889,4 


575,6 


449,3 


9t 


99 


99 


99 


99 


IV 


fi 


99 


416,3 


n 


99 


99 


99 


99 


m 


9«3,9 


478, '1 


604 ,.i 


99 


9t 


5,88 


5,04 


. 3,80 


H 


99 


99 


463,8 


ft 


99 


99 

* 


99 


4,30 


»,o 


1193,0 


738,0 


63i,o 


2,4o 




3,83 


3,86 


3,48 


l» 


99 


99 


536,0 


99 


99 


99 


99 


2,49 


54,3 


99 


1337,0 


783,0 


99 


99 


99 


99 


99 


9f 


99 


99 


606,1 


99 


91 


99 


99 


99 
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( >"0 ) 
Tableau n? IX. — Proprictes mSeaniques 



KMnOK. 



Bouleau 



Hdtre. 



Hdtre. 



Hdtre. 



Frdiie 



Ormc. 



PeupHer. 



Peuplier. 



Acacia. 



NimAKo 
I'arbre. 



39 



41 (0 



/,! (3) 



40 



;>• 



58 



C4(i) 



fi'l (3) 



66(1) 



QVAirrrrt 

d'MU. 



37,83 

10,67 

9,0a 

»9»46 

18, 33 

»3,9'l 
9,77 
16, So 
15,69 
11,83 
7,63 

i3,9'i 
»»,49 

3 1 , 5o 

10,5/1 

8,61 

33, a6 

9,33 

97»7 
•ja,73 

33,55 

17,31 
11,37 

33,73 
aa,55 
17,31 
11,37 

18,43 
16, 63 



DBMlTi DBS CODCIBS. 



0,783 
0,583 

o.58o 

0,785 

» 
0,730 
0,716 

n 

o,663 
0,664 

n 

H 
H 

ft 
It 

o , 635 
o,58o 
0,555 

0,601 
o , 558 
0,546 

0,345 

9t 

0,390 

o,36i 

o , 363 

tt 
0,340 
0,378 

0,6^3 



0,751 
0,673 
0,670 

o,7i5 
0,707 

0,7^9 

0.779 

0,807 

o,79« 
0,775 

0,783 

0,784 
0,736 
0,748 

077»9 
0,743 
o,<>94 
0,617 

0,670 



0,563 

o,3oo 
o,33o 
0,334 
f),3o7 

, 356 

n 

0,337 
tt 

0,691 
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0,679 

It 
It 
tt 
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0,391 

o,36o 
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0,43 
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13.1 
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n 
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|3.3 

14.4 
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H 
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14,4 



( lo. ) 
des fibres et a dtffercnts degres d'humidite. 
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3,60 
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It 
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It 
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II 


II 
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It 
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3,63 
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II 
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II 


It 


It 


II 


R,6 
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II 
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It 


9,9 
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« 
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II 
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II 
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II 
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II 
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It 
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II 
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II 
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II 
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9.34 
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Tableau u? IX. — Proprieies m^aniqiies 



m 


ROMiftO 


QUAirriTi 


DEXIITi Ml COUCBU. 


tITVera MI SOB BA> 


BMBRttB. 


de 
rtrbre. 


d'eao. 


1. 
0,617 


t. 


s. 


4. 


1. 


1. 


t. 


s. 


Acacia 


66(1) 


i5,66 


0,684 


0,691 


0,753 


n 


14,09 


14,33 


«4,4.' 






9»82 


0,660 


tt 


0,764 


0,754 


tt 


15,62 


nr 


i5,ii 


Acacia 


66(1) 


18,43 


0,712 
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0,674 


0,695 


n 


14, 52 


i5,G4 


14,6: 






i5,66 


0,706 


0,716 


0,662 


0,722 


n 


i5,55 


16,21 


14,8: 






9,82 


0,638 


0,725 


0,654 


0,723 


ti 


16,43 


16,66 


i5,9! 
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66(3) 
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0,656 


0,741 
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w 
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It 
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It 
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ff 
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n 


n 


w 
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n 
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n 
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n 
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m 
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0,488 
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n 


o,385 
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o,5o4 
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n 
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0,455 
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o,5o6 


0,480 
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0,436 


0,377 


tt 


o,53i 
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tt 
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tt 
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M 
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0,48a 
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0,437 


0,425 


It 


10,96 
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It 
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14,61 
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0,452 
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It 
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n 
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n 
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H 
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n 
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It 
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It 
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n 
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n 


i3,58 
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n 
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It 
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II 
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n 
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» 
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l3,l< 






7,37 


n 


0,353 


0,397 


0,416 


0,386 


n 


•4,89 


i3,^ 
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difs fibres ei a dijfertnts degres d'humidit^. 
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Tableau n° IX. — PropriMs mecaniqm 



IIDMiAO 


QOANTITi 


DKJISlTt BIS CODCHBt. 




TiiBMn mv iOII M 


I'arbre. 


d'eaa. 


i. 


1 


8. 


4. 


I. 


1. 


1. 


s 


65(4) 


aOjQO 


It 


0,37^ 


0,437 
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n 
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n 
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o,.5oo 


fi 


i3,63 
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n 
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0.451 
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7.S6 
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NOTA. Poor le ch6n« 45 (pag. 98 el 99). on a mist let chlffrei rorre»pondau(s a la conrbe aa-dMfoo* de ci 
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r d€M fibres ei a d^ffertnts degris d'humidite. 
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It 
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3,56 
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CUne.... 
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CUne.... 
BovImb.. 
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Paopller.. 
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AcicU . . . 
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+0 
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+0 
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+0 
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o.ooJOd 
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.$on d^m ies eouckes , pour una perte de i poitr loo d'humidite. 
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0,00939 
0,00537 
0,00468 
0,00433 
0,00973 
0,00808 
0,00677 
o,do868 
0,01399 
0,00390 
0,00559 
0,01963 
o,oo5i4 
0,01317 
0,00767 
0,00703 

0,00303 

o,oio36 

0,0l3l3 

m 
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0,00876 
0,00670 
0,Ol503 

0,00070 
0,00736 
o,oo558 
0,00089 
o, 00336 
0,00817 
0,00799 



M 
0,00778 
0,00641 
0,00336 
0,00818 

0,00484 
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0,00636 
0,00893 
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0,00443 

0,03074 

m 

0,0045 I 
0,01336 
0,00846 
o,oo364 
0,00679 
—0,00380 
0,00000 
0,00613 
o,oo883 
o, 00686 
0,00976 

n 
0,00760 
0,00739 
0,00383 
0,00480 
0,01001 
0,03030 



ft 

0,00877 



n 



n 

H 

0,01118 
0,00746 
0,00735 
0,00773 
0,00686 

tt 
0,01643 

ft 
0,00763 

o,oo5i6 
0,00396 
0,00096 
0,00977 

0,00036 

0,00811 
0,00966 
0,01039 

0,0o4l3 

0,00867 

0,00617 

0,00906 

0,00660 

0,00398 

0,00735 

0,01086 

n 



n 

H 
ft 

n 

o,oodi5 

n 

o,oo88a 
0,00540 

n 
n 

n 
n 
w 
II 

M 

n 

tt 

n 

tt 
0,00366 
0,00993 

n 

0,01334 
0,01943 
0,00888 

0,00664 
0,00740 

0,00374 

u 



HOTBimV. 



6. 



n 
n 
ti 
n 
n 
It 
n 
0,00691 
11 
II 

H 

n 
II 
n 
n 
II 
u 
II 
n 
n 
n 
m 
ft 

H 

n 
n 
ft 
n 
n 
n 
ft 



i 



0,00961 

o,oo8o3 
0,00897 
0,00540 
0,00939 

o, 00806 

0,00943 

0,01068 

0,00489 
0,01006 

0,00693 



0,00676 



0,00797 



0,01369 



10. 



1((3) 

4i 



( -OS) 



CoKOiaefrwi (rajMwm 



6,84 




6,5i 


o,..,>4J 


6,6> 


o,...,4i 


«,!( 


-"^'! 


6,(. 


o,ooJ74 1 


6,9S 




6,65 


0,00345 j 


6,66 


O,M0l6 I 


6,ilJ 




6,S9 


0,003,9 1 


6,54 


o,»»l)si 


5,») 




6,9. 


o,oo333 1 


6,S> 


».»"4! 


7,°7 




7,01 


0,004.. 1 


6,74 






6,71 


O,oo5oi ) 






0,00 


o,«,39,j 


9,90 


0,003.5 ) 


,,■5 




«,i» 


0,00340 j 


6,5. 


o,ooSS4| 



( >»9 ) 



tr smitf de iemt dessiecation. 



B. 



Ctfbrv. 



4'(0 



4i(3) 



46 



57 

58 

64{0«(3) 
66 
18(1) 



■ 8(3) 

■8(5) 

65 

3i(3) 



QOARTtTi 
d*MU. 



>3,94 

9j77 
16, So 

11,83 

7,63 

QQ,4l 

i3,93 

n»49 
9»5ti 

3i,5o 
8,61 

33,!i6 

9»« 

9>i7 
",73 

17, ai 

11,37 

18,43 

i5,66 

9,8a 
31,87 
18,89 
16, a8 

9j»3 
18, 65 
15,98 

8,71 

19,8/1 
14, 5i 

ao,30 
10,36 
14, 63 

9,9^ 
9,77 



c6Ti 

moyen 

en milUm. 



6,96 
6,84 
6,64 
6,82 
6,75 
6,71 
7,23 
6,82 
6,67 
6,72 

7,23 
7t02 
7,12 

6,64 
6,59 

7,07 
6,78 

6,73 

4,87 
4,85 
4,68 
7,i3 
7,12 
6,86 
6,40 
6,95 

^,79 
6,58 

6,71 

6,63 

10,62 

10,16 

7,26 

6,73 

7,04 



cohtractioii uniAui 

poor one perta de i p. 100 

d'hunidlli. 



O 
o 



,oo3i2 ) 
,00474 I 



0,00220 
0,00182 

0,00668 
0,00709 
0,00547 



0;00I21 



0,00280 I 
o,oo3o9 ' 



0,00743 \ 
0,00423 ( 

0,00148 I 
0,00453 ' 

0,00047 
0,00677 
0,00804 



0,00862 
o,oo536 

0,00224 
0,00436 



o 




,01 563 ) 
,00623 / 



Moyenne g^n^ralo pour toutes les essences 0,00395 




( »»o 

Tableau n** XIII. — Nombre de couches annuelles comprises dans ehactu 



Chirme 

Tremble. ... 

Anne 

Sycomore... 

^ble 

Ch6ne 

CbAne 

Bouleeu 

Hdtre....... 

H6tre 

FrdDe. 

Orme 

Peaplier . . . . 
Peuplier. . . . 

. Sapin 

Sepln 

Sepin 

Pin 

Pin 



mnnlfto. 



8 
II 

33 

34(0 

34(3) 

4' (0 

4i (3) 

57 
58 

64 (I) 

64 (3) 

i8(i) 

i8(3) 

i8(5) 

3i(i) 
3i (3) 



AATOII 

de 
la bine. 



136,5 
110,7 

101,1 
I08,3 

95,4 
i59,o 

135,0 

i94»5 

97 »4 
65,0 

8i,i 

77.* 
178,5 

130,0 
144.5 
117,0 
89,8 
33l,0 
133,0 



I . 



IKMOaS SB OO0CBU. 



Du centre k 
Da centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre h 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 
Du centre k 



U 12* eouche. 

la 5^ 

la 8« 

la 6« 

la G« 

la io« 

la 5« 

la 6« 

la 7« 

la 6« 

la i7« 

la 5« 

la 4« 

la 3« 

la 5« 

la 3« 

la 3« 

la 9« 

la 6> 



da 

riBBMn. 



46,5 
28,7 
16,5 

30,0 

33,5 
16,0 

9»o 
i5,o 

16,0 

i3,o 

36,0 

l3,3 

38,5 
16,0 
19)5 
7.5 
11,0 
60,0 
36,5 



VMIBKB 



OC 



De U 12" i 
De la 5« a 
De U 8* i 
De U G* I 
De U GB I 
De la io« I 

I 

De In 5>4 

De In 6*1 

De la 7« I 

De la 6> I 

De la ffk 

De U 5^ i 

De la 4« i 

De la 3« I 

De la 5* J 

De la 3* I 
De la 3« J 

De la gr ) 
De Im G> i 



(.13) 

desqmMu let trittgtes out dte prites, et epaisseur de ees anneaux. 




4- 



MMSM BBS oooant. 



De la a4* h la eirconf. 

It 

H 
It 

De la 4o« & la 65« 
De la 4^* k la eireonr. 
De la 58« & la 89* 
De la 3o^ k la circoDf. 



De la 37* h li eireonf. 
De la 06^ a la circonf. 
De la 18® & la circonf. 
Dh la 52« i la 78« 
De la 4o« h la 55« 
Do la 38® & la circoor. 
De la 35® h. la circonf. 



arAiMsvft 

rinneau. 



M 

33,0 
i» 

fr 

S3,o 
57,5 
36,0 

•4,4 

It 

M 
17,0 

i5,5 
14,0 
3a, o 
20,3 
33,8 



aa,o 



n 



5. 



ROKBAB »U COOCIBS. 



It 
It 
II 
II 
It 

De la 65* k la circonf. 

n 

De la 8gr & la circonf. 



It 



It 



It 



De la 78® h la circonf. 
De la 55« li la circouf. 



M 



4« 

rannaao. 



It 

H 
9t 

n 

n 

41,5 

m 

H 
H 
ft 

m 
n 

i3,5 

i9iO 

m 



ir 



( "4) 



Tableau n" XIV. — Rrpt^rii 



HAtre 

HAtre 

HAtN 

Hftire 

Itttn 

i1MP6 

Htef« 

HAira 

Httre 

XIOTTO ••••• •••• 

Il6tre 

Itttre 

H«tre 

H«li« 

nflifo •••• «•••• 

RMre 

HMre 

HMre 

CMne. 

(Hitae. 

Ch6ne 

CMne. 

Chine 

Chtoe 

Chtae 

Gb«iie. 

Chtoe 

Cbtoe 

CMne 

Chtoe 

Chine 

Chine 

Chine 

Chine 

Chine 

Chine 

Chine 



mjMteo 

da 
It blUc. 



46 



h^ 



I 

r> 
II 

27 
29 

3a 
33 

41 w 

44 

N.-E. 
N.-O. 

49 
53 

55 

Go 

6a 

n 

3 

4 

5 

9 
10 

36 

3o 

34 (1) 

H (4) 
35 

36 

38 

N.-O. 
S.-E. 
N.-E. 
S.-O. 

48 



MIMPBt'R 

en 
BMrM. 



o58 
o3i 
060 
o33 

038 

o36 
043 
061 
oi3 
o58 
045 
054 
061 
039 
o3o 
066 
n63 
075 

077 
o36 

066 

054 

088 

o6:> 
009 

034 
077 

o55 

035 

o3o 

033 

o33 

066 
039 

o36 

049 
019 

05:^ 



bUMtTKK 

ra 
■Mrw. 



o,4ii3 
o , 3870 
3437 
a5i3 
36g5 
4098 
3384 
1771 
1433 
1681 

1969 
1964 

i960 

1649 

3456 

3409 

3iii 

3713 

3583 

3109 
3577 

3535 

^507 

1893 

1754 

3353 

3881 
1968 
1986 

III9 

3547 

3499 
3790 

1330 
1334 
1333 
1334 

1865 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



MIftS 4M0L0 

•n 

kllomBBWt. 



358 

131 

93 

90 
193 
360 

74 
47 

38 

43 
57 

^9 
58 

38 
94 

9» 
1 38 

108 

103 

68 
104 
ii3 
III 
56 
46 
160 

139 

58 

59 
18 

183 

III 

138 

34 
34 

33 
33 

55 



90 
10 

40 

3o 

70 

90 
80 

5o 

00 

35 

30 

00 

60 

18 

30 

3o 

10 

70 

7« 
5o 

5o 

30 
80 
80 

5o 

30 
30 
80 
40 

56 

90 
40 

70 

60 

70 

90 
3o 

30 



d'ean. 



38 

42 
43 

37 

39 
38 

39 

39 
33 

4a 
34 

33 
34 

37 

39 
45 

37 
35 

38 

33 

36 

53 

55 

37 
34 

37 
40 

40 

38 

34 

41 
53 

37 

44 
40 

41 
40 



3o 

37 
»7 

4-' 
43 

31 

88 
38 
45 
58 
35 

07 

87 
43 

lO 

18 
i5 
36 
01 
73 

'9 
II 

89 
69 
97 

53 
31 

o3 

45 

33 

70 

7-^ 



HMcUq 



Oi94 
«>,9» 

0,98 
0,89 

0,89 

o»97 
0,89 
o»93 
0,86 

Oi94 
o»9« 

Oi9< 
0,8; 

Oi9: 

«»»9: 

o,8{ 
o,9< 
0:9^ 
<>»9* 

«»9: 

I.K 

1 ,ck 

o?9: 
0,9-' 

«t9^ 
0,9^ 

0,9- 

«?9- 

«y9^ 

Of9 
1,1 



1 1 


1,0 


64 


1 ,0! 


69 


1,0! 


7^ 


o>9! 


60 


^y^ 


01 


0.9J 



( "i) 



ia flexmn des bilies eniieres. 




\ 



7f7' 

6,36 

JS,I9 
3,56 

II y 19 

i5,44 

9»7a 
8, So 

a3,9o 
95, oi 

- «r. 

8,i8 
8,75 
8,38 
7,63 
io,6K 
i4,88 

9»92 
io,4o 
II, i6 

10,57 
11,59 

8,^8 
i4»58 
11,16 

a4t^ 

5,85 
f4,aa 

7.62 
i8,0'j 
i8,83 

«9»87 
M,68 

10,40 




4,o85 

7>9^5 
11,870 

6,365 

4,895 

3,6o5 
1 1 , 255 
i5,56o 
io,o3o 

8, Sao 
30,815 
33,895 
34,935 

8,810 

8,575 

8,990 
8,55o 

7,845 

io,5o5 

14,735 

9,8«« 
10,395 
11,145 
11,380 
11,875 

6,110 

8,530 
14,645 
ii,o85 
33,345 

5,865 

14, 310 

7,85o 
17,930 
19,135 
19,705 
3i,9i5 
10,685 



coirriauT 



i,i85 


936, 


5,439 


7^7, 


10,3l3 


5ii, 


4,708 


965, 


»>995 


853, 


0,705 


n 


9,598 


fioi, 


14,731 


635, 


9»744 


760, 


7,768 


974, 


19,030 


687, 


33,100 


597, 


33,i3o 


575, 


8,358 


990, 


6,618 


753, 


7,333 


734, 


5,65o 


599, 


5,359 


908, 


8,019 


763, 


13,078 


701, 


7,670 


7«4, 


8,i85 


736, 


8,935 


685, 


9,899 


ii9>» 


11,099 


810, 


3,310 


884, 


6,034 


654, 


i3,364 


759* 


9,980 




33,059 


861, 


3,965 


676, 


13,000 


5i6, 


5,364 


837, 


17,654 


77 -N 


18,949 


710, 


19' 4^9 


697 » 


31,669 


631, 


9,856 


760, 



3 

8 

9 
6 

4 
8 



y 
3 

6 

6 

3 

3 

4 

7 
.*> 

3 

o 

9 

9 
I 

6 

3 

1 

5 

6 

8 

6 



I 

9 

7 

7 
5 



4 10 MUR too D'liCMIDITi. 



Poldff 


Coeffldrat 


•ptelftqae. 


d'61uUcit«. 


0,863 


1318,7 


0,831 


1008,5 


0,870 


706,9 * 


0,830 


1343,7 


0,803 


1137,0 


n 


n 


o,8oK 


921,9 


0,847 


835,8 


0,807 


9291 4 


0,843 


i336,8 


o,855 


85o,4 


0,888 


736,8 


0,874 


7*7, « 


o,8o3 


1374,9 


0,888 


989,7 


o,85i 


1037,8 


0,807 


769,6 


0,839 


1176,7 


0,873 


9^5,6 


0,908 


816,4 


0,904 


85a, 3 


0,953 


996,4 


0,931 


964,3 


0,903 


1439,6 


0,897 


953,3 


0,883 


1066,3 


0,873 


809,7 


0,861 


938,3 


0,873 


946,9 


0,874 


1006,4 


0,833 


848,1 


0,959 


716,0 


0,946 


1006,3 


o,93o 


898,3 


0,94' 


960,9 


o,9o3 


875,9 


0,896 


88a,6 


0,897 


9.48,3 



II . 



[SiiiK.J 



(„6) 

Tableau ii° XIV. ■ 



n«M... 
Otm.... 
A«Mda„ 
AmoU.. 
PMpUw. 

PMpllW. 

S«pla... 
aaplD... 
Stpln... 
S«pia... 
Stidn... 
Sq>la... 
Sijllii... 
Sapln... 
Sipla... 
Si^.,. 
Stpln... 
Sapin. . . 



63(0 
6<M) 



'8 W 
.B(41 
i8(6) 



D,i53o 



a,o856 
0,1559 
0,175s 

0, 44139 
0,344, 
o,i5H4 



77 1** 

53,30 
57,80 



8,go 
33,88 



3" ,94 
14, j5 
99i7<» 



43,. I0 



35, o3 
4a, 46 
37,83 
35,40 
53,(7; 
3o,3; 
37,07 
54,46 



34,05 
»6,79 
36,3o 
»4,99 
14,16 
39,3s 
39,38 



^9,93 
34,91 
49,63 
38,78 

48,4; 

45,07 



5a, 57 

40, 65 
4i,3. 

4!>,;i 
45,44 



( "7 ) 



fiexiam des bittes eniieres. 



; sat mnjuwmkn 


in. 


FLten couicAb 


cosrriciBNT 


A 10 POOR IM B*irMIDITi. 1 


« 


-■■^ 


en 


d'«lailiGll«. 


Folds 


GoolBcient 


n. 


Hoye«M. 






fp6clfk|a«. 


d*4Uillcii4. 


16,76 


i6,ao5 


15,376 


666,1 


0,838 


784,7 


10,34 


9»9>5 


8,534 


»^73,9 


0,804 


1608,8 


19,59 


13,690 


ii,o33 


648,3 


0,879 


784,3 


10,06 


10,995 


9,338 


79^5 


0,868 


936,5 


10,98 


«o,995 


8,785 


67*, 9 


. 0,796 


871,6 


to, 34 


io,38o 


8,999 


1134,3 


0,785 


1353,5 


"3»99 


i4}ii5 


13,458 


6o5,9 


0,701 


753,6 


10,81 


10,635 


9,530 


758,3 


o,683 


iii5,9 


fr 


9,840 


8,i83 


1008,8 


0,773 


1137,8 


a,94 


9,>65 


8,336 


819,1 


0,743 


1045,7 


ii,p3 


ii,oo5 


9,900 


678,3 


0,814 


905,7 


4,48 


4,5ao 


1,630 


855,7 


0,873 


io33,3 


9,66 


9,6i5 


9,o63 


963,8 


0,701 


993,8 


",69 


11,390 


10,838 


979,0 


0,761 


1343,9 


4>97 


4,960 


4,909 


1109,3 


0,739 


ii4i,4 


11,10 


10,585 


10,534 


986,3 


0,713 


1010,7 


«r 


8,900 


8,071 


363,0 


0,608 


397,2 


w%. 


n 


nr 


ft 


0,618 


It 


7t" 


7,365 


4,365 


»9a,4 


0,533 


ao3,9 


ia,45 


13,565 


9,665 


333,6 


0,458 


348,3 


i3,95 


13,745 


11,359 


543,0 


0,499 


578,0 


7>'9 


7,440 


6,059 


1137,1 


0,49a 


"93,7 


14994 


14, 855 


14,036 


796,4 


0,480 


844,4 


16, 3i 


16,860 


16,574 


478,0 


o,6i3 


509,1 


9>69 


9,885 


7,399 


599,9 


0,563 


637,3 


10,18 


10,035 


7.539 


577, » 


0,571 


6i5,4 


9,86 


9,775 


6,875 


487,3 


0,661 


5i6,7 


17,55 


17,360 


i4,36o 


300,8 


0,470 


311,6 


1 3, 93 


i3,83o 


i3,ooi 


738,7 


0,600 


785,3 


13,54 


13,395 


10,738 


543,6 


o,49« 


573,3 


Roptare. 


36, 300 


33,990 


343^3 


o,56i 


3ii,6 


13,9a 


i3,75o 


io,85o 


377,0 


0,600 


49>," 


ii»»47 


13,135 


9,"5 


369,7 


0,599 


503,0 


i5,o3 


«4,970 


13,070 


334,8 


0,634 


3l3,3 


ifesdilM. 


n 


9t 


n 


0,531 


n 


5,26 


5,i5o 


3,350 


^^in 


o,5i5 


396,6 


aii96 


ai,835 


19,339 


338,6 


0,586 


331,8 



Tableau n' XV. — Dciuite, caefficitia r^l dVlatlieile, vim 



-_ 


i 


i 

•• 

1^ 


lUHS LE sens MJ UION tX L'AUU. 


! 
1 


1 




i 




de TlbnUni 
daoUu 

dluleKH 


•Uql ■• HU 


1 


(inr. 




He 
(cur. 


rtpA- 


kw» 

BrooMM. 

tnu,.... 

GUh.... 
GMh... 

CMh.... 
B«to«.. 
Httn 

ttrntOti.. 

I>«pll».. 

8«« 

•M" 

sw* 

Ki 

n> 

m.. 

pii 

Ac«oU.... 




■ue. 

»." 
l.H 

i.,M 

[-) 


u,u 

!n 

11.19 

I,M 


•,T7I 

o,ri 
i>,ni 

>.MI 

»,»n 

O.Stl 

a. Ma 
tt.m 

o.iw 
o.iu 


1M,« 

ii>a,(i 

l«,0 

■i>,« 

■ N,l> 

M,ll 


It.UI 

n.m 

liJ.Wi 

le.Ht 

tO.N 


t.*u 

t,tM 
t.iW 

t.ue 
t.u* 

f.Ul 
IB, DM 

«,M> 


Ma.t 
•W.T 

tm,* 

IW.1 
IMt.1 

MC.l 

10«l,T 

ism'o 

IKNl.O 


1010.1 
lUI.I 

lH,a 

•M.t 

Ml.( 
IN.* 

•W.l 

ll»»,l 

m.t 

ini.) 


m.t 

Ml.t 

tM,t 
Mt.l 


m.i 

Mt.t 

(t.l 

M.I 

(t.t 

in.! 
■».» 

M.t 


Ml,* 

«,■ 

■•M 

m.* 
(1.1 

«.■ 
«.• 

m.1 
•M 

IH.1 
M.I 





( "9) 

jHiiU demae Itgmes perpentiiculaires h in direction des fibres. 



DA3IS UE SENS DE LA TA:«GE:«TE AUX COUCnES ANNUELLES. 



NO 
t7*.0 
ISt.O 
IM.O 

►.0 

IV.O 
•81,0 
M1,0 
171,0 
lM,f 
116.0 
191,0 
976,0 
tSl.O 
141.0 
J.O 

r,o 

160.0 
1,0 



ia,o 



iff.f 



8 

3 



10,lf7 
10,641 
lO.OM 
10,K6 
10.641 

lo.m 
lo.no 

10.164 
10,406 
10,677 
10,l« 
10,466 
10,678 
10.701 
10.661 
11,061 
10.666 
10,460 
10,776 
10.666 
10,146 



6,101 



6,101 
6.167 



H 

8 



6,088 

10,ff4 

10,«7 

6.668 

10,164 
6.66S 

10,100 
10,116 

6,967 
10,061 

9.646 
10.S06 
10,604 

9,063 

9,114 
10.745 
10.360 
10,178 
10,603 
10,861 

9,804 



ROMMC 

de Tibrations 
tranirenalef 

doubles 
dans le s«ns 



d« 
lalar- 
ravr. 



6,8n 



8,471 

8.M7 



806,1 
161,6 

379,6 
366,7 
406,9 
109,7 
171.6 
684,8 
199,1 
117,4 
6M,9 
731.4 
1032,8 
699,4 
91,8 

a 

4S7,1 
106,7 
166,1 

190,9 
88.7 



de 

rOpals- 

sear. 



374.8 



1319,6 
864,6 



197,0 
166,0 
361.6 
S6i,6 

410.3 
10ft, 4 
160.6 
861,7 
171,1 
113,0 
818,1 
€96,7 
96V,6 
666,7 
90.1 

M 

467,1 

99.1 

171,3 

171,1 

56,8 



376,6 



1364,6 
876,7 



UOCmciBlVT 

d*«lasttria 
dans le sens 



de 


de 


la lar- 


l*«pai»- 


fonr. 


seur. 


113,1 


93,6 


41,4 


46,1 


89.9 


86,9 


78,6 


81,5 


68,9 


76,6 


137,1 


187,6 


114.1 


96.3 


139,8 


118,1 


15^,7 


138,8 


164,0 


167,1 


166,6 


168,1 


189.1 


160,5 


103.1 


100,9 


61.8 


66,6 


40,1 


89,1 



16,7 
87,1 
18,7 
48,1 
80,6 



16,4 



164,6 

146,8 



M,8 

84,6 
11,4 
44,4 
81,4 



16,1 



188,8 
189,8 



e 



103,4 

43,7 

89.4 

m,5 

71,7 

137,1 

10<l,l 

1(6,1 

155,1 

160,6 

161,4 

164.8 

102,0 

63,4 

49,6 

• 

W,! 

38,6 
10,1 
46,3 
81.5 



16,7 



161,8 
141.6 



s 



3 



8,60 
1,74 
8,14 
8,41 
8,11 
3,96 
3,68 
4,04 
4,67 
4.11 
4.16 
4,81 
3,80 
8,08 
8,77 
■ 

1,65 
1,84 
1.98 
1.75 
1.46 



1,M 



4,16 
8,98 



mm 

I 

8 



0,601 
0,414 
0,178 
0,610 
0,871 
0,4tO 
0,8U 
0,418 
1,068 
0,669 
0,611 
0,676 
0.408 
0,866 

o,m 

0.101 
0,116 
0.418 
0,114 
0,868 
0,1 



0.184 



1,091 
1,870 



( »2" ) 

Tableau n" XVI.— IHFLUENCE DE LA aXMTEUA. — Bapporui 



-„«, 


s 

"(I) 

11 11) 
•1 (1) 

MID 

«!•) 

"(11 
"(1) 

10 [i; 

IS CI 
iH(i: 

u(t: 
i»W 
"(1) 
"c: 

m»i 

EI5 


1 

P 

1 

1.<Q 
IJO 


M4HCIIE IXS [iROPRlCTtS lieCAM(fUEti HANS T(K.'TF LA HASSE 1 
A UIH-tHKTlTES fiALTbliHS tT OAKS Blf rtRESTK* HIBECT) 


H 

1 

o.an 

d.»T 
a, 111 

0,7M 

O.W) 

O.WB 
D,tM 

0,1M 


c 

1 

o.wn 

0.7J1 


r 


O.TdS 
D.IOO 

ll!sH 
D,3M 


"""S'JZ""" 


-.:.■;;>"„ 


f 


t 

Ma,i 

1IN,0 

IJtT.I 
Ml,! 

an.* 
IW," 

IW.l 


Dbru 

HU.T 
»M,! 

115,1 


s 

1 

101.1 

u,a 
m.B 

OT.a 

1»I1,S 

ua.i 
IM.1 

111,1 

m,a 
",• 

M,« 


g- 

=■ 

{ 
1 

IM,I 
11.1 
».l 
M,l 

CM 
fi.a 

ta.i 


i 

>,» 

■ M 


1 

: 


1 
1 

o|a» 

a.u* 

i.oas 

i.ua 
t.m 

o.m 

0,IM 


C)Hn»... 
tnbla.... 

a*...!-"! 

IUmIuii... 

BWr. 

H4lra . .. 

Ham 

VHae. . . 

Om. 

P.upl..r., 
PHpller.. 
Prnplkr.. 
AchU.... 

Acacia .... 

JktUU.... 

S-Pl" 

SaBlD 

Sapli 

SaplB... 
8.p1a.-.,. 

B-W" 

Sapm 

SifU... .. 

stm ... 

S.I-U... 
Sapin 

S'Pli 

Pin 


«, 


: 


•.in 

o.r 
•■w 





( ". ) 

et dcB mkisiomM smi^ani irw directions perpendiculaires. 



numi^tiB utoonQCEs dans ume m£ve couche ligneuse a differentes 

HAUTEURS. 



• 


^B^^rwQwB ■ 




o 


OirP|CIS!tT 


D*iLAfTicrr 


B 




coaision. 




I 


ft. 


0. 


d. 


C, 


b. 


a. 


d. 


C, 


b. 


a. 


• 


» 


■ 




* 






» 




m 




1 


• 


• 
• 




» 
» 






• 




» 
» 




» 


» 


• 




• 






» 




» 




■, 


• 


• 




» 






» 




» 




■• 


0,806 


0,337 


1102,8 


1778.7 


1397,8 


1003.3 


3.04 


6,91 


3.90 


3.36 


k' 


» 


• 




t> 






■ 




B 




Mt 


•,T51 


0,346 


1070,0 


iin,8 


1041.8 


906,9 


9,18 


3.33 


6.33 


«,33 


b 


• 


• 




* 






• 




» 




9 


• 


■ 




m 






• 




■ 




•• 


•.TtS 


a 


637,6 


397.7 


363.4 




4,11 


6,64 


♦.1* 




• 


• 


» 




■ 






» 




■ 




|» 


0,t6S 


» 


363,0 


716,8 


739.0 




1.11 


3.33 


3,34 




« ' 


» 
1 


• 




■ 






» 




» 




• 

• - 


» 


• 




• 






» 




• 




l» 


0,313 


» 


333.4 


863.4 


471,7 




1,13 


1,11 


1,64 




». 


» 


» 




• 






• 




• 




NT 


0,370 


• 


751,1 


697.0 


736,7 




1,88 


0,94 


1.10 




• 


» 


» 




• 






m 




» 




• 


» 


» 




a 






m 




B 




rM. 


0,331 


• 


lSi3,9 


14V3.4 


1U7.8 




4,61 


3,36 


7.31 




■ 


» 


• 




» 






• 




» 




» 


• 


• 




• 






m 




B 




■» 


0,T31 


• 


lOOO.S 


1101.4 


1413,9 




3,09 


7,64 


11,33 




fft 


0,430 


0,333 


838,3 


1165,8 


1061.8 


1186.6 


3,33 


3,01 


3,34 


4,31 


• 


» 


• 




» 






m 




B 




IM 


0,483 


0,441 


337.8 


937,6 


ir73,6 


1181,3 


1,37 


1,41 


3,43 


3,13 


■ 


» 


■ 




» 






» 




» 




■ 


0,403 


0,433 




• 


786.0 


1368,7 


m 




1,08 


4,63 


« 


• 


• 




M 






m 




» 




M« 


0,406 


0.318 


576,9 


683,4 


1141,3 


1113,1 


1,11 


1.33 


3,33 


4,33 


• 


• 


» 




• 






» 




» 




■• 


0,38r7 


0.431 




741,1 


641,8 


1101,4 


m 




3,64 


3,34 


• 


■ 


» 




■ 






m 




• 




• 


0,439 


0,434 




» 


871,0 


371.1 


m 




«.7« 


3.33 


• 


0,434 


■ 




» 


466.3 




» 




1.13 




4M 


0,SM 


• 


300,9 


334,3 


617,3 




1,39 


t,36 


1,W 




• 


» 


» . 




» 






• 




» 




9% 


0,310 


■ 


109,7 


633,7 


370,1 




l.« 


1,31 


3.34 




• 


M 


» 




• 






» 




» 


B 


• 


» 


» 




» 






» 




j» 
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( 1^2 ) 

Tableau n** XVII. 



iteMMtMii •■• rtteu. 



RiniiM. 



Chefron ou trafle. 



Cherron ou trtfie. 



Pi6ce . da 5 Ji 6, 
dita single panne. 



Pitee de 6 ii 7 , 
dite simple panne. 



BUTAMCB 

•pyalt. 



IB 

5,5oo 



3,000 



U»!IC«BOA 

tn 



^.ooo 



4,010 



S,5oo 



S,.Soo 



LAIOSim 



mlllii 



6,536 



6,830 



78,3 



83,8 



illlte. 



i36,7 



«59-9 



80,4 



81,4 



klloir. 



161 ,0 



189,0 



i9»> 



0,7^ 



17,3 . o,636 



i4«»7 



191,3 



0,985 



0,938 



4 





iiS 
iSS 



s55 

3t5 
39 
iS 
iS 



i 



m9 



o 

6S 
iiS 

6 

llS 
16S 
3lS 


3l5 

3GS 
3t5 

o 

3oo 
35o 
400 

o 

5ii 



Ml 



O 

ssSE 

SSsS 



(ia3) 



rce en cMne, 



«testi«w 



4,ao 

%^^ 
14,86 

m 

3i,oa 
3o,i4 
43,01 
5o,79 
65,71 



8,56 
20,17 
37,85 

n 
26,05 

/ii,i6 
19,86 

5i,86 

n 

m 

75,97 
n 

io5,o4 
105,39 



354 , 36 



6q,8o 
73,34 

n 

n 
144,08 



u 



318, 56 



pdar niA ohArge 

100 kUofraaimw 
en ■llUBiiMr«8. 



13,000 

i3,56o 
13,933 
13,768 
13,167 
ft 

13, 165 
13,435 
13,il6 
13,339 
13,759 



34,457 

3i,o3i 
34,317 

H 
33,600 

34,946 
23,194 

ft 
34,131 

» 
34,035 

ft 

35,333 

99 
36,360 

99 
36,347 



4,046 
3,810 



99 
99 



3,493 

99 
3,955 



13, 413 



GOBrri- 

ontKT 

d*«lMti- 



774,3 



coamoii. 



5,60 



35,139 



11,435 11,435 



3,836 



601 ,3 



638,1 



1007,0 



4,60 



5,71 



10,55 



OUBaVATlOU. 



*Aprc« avoir ink MMiinit a la 
ckarpe pendant doiue benraa. 



RttpUira aoMle. 



I.a roplora a'aai op^r^ i M ranli- 
BMirea de dlalanea dH mlltaa dana um ao- 
drolt reapll de noBBda. 



* La rvptare a*atl fUta tr^ I— t e«a»t»^ 
aprto qoe to charte de MH kUoframaaa 
atfall M6 pofUa peadaat phia d^uie deml- 
heara; de kmvaaa faatea iMi^tadiMlaa 
•■^talent d'aMml tomidea, polala rapier» 
a an Ilea i fli caaltaMraa d« BlUav d« 
la pitee 

mmmt^mmmmmmmmmammmm 

12. 



[Snite.] 



( 1^4) 

Tableau n» XVU. -r- 



niSMMTIOII Bit WVkCMM. 



dite^«iiii«' . . . 

Pitee de 7 & 8, 
dite/NUuie.... 

Pidee de 8 li 9, 
diie pmnne . . 



ROIliKO. 



Pi^ce de 8i ii g\, 
dite pmnne 



Planche 
oa ^cbaniillon 



5 
6 



8 



10 



BlfTAMGB 



•MHato. 



5,5oo 



5,5oo 



LOIlOIIBim 



m^tret. 



5,5oo 



6,io3 



7,062 



en 
aUllB. 



183,1 



»90i7 



6,110 



!ii6,7 



en 
minisi. 



'i09y7 



330,0 



3^6,7 



ahiohi en 
kllofr. 



330,0 
373,3 



3oo,3 



5,5oo 



3,000 



5,870 



3,653 



33i,8 



1.13,', 



353,8 



Uk 



0,944 
0,933 



0,938 



3: 



^i 






53 



3? 



31 

I 

3( 
3- 



346,7 



43.3 



18,3 



1,008 



7 



0,834 



Si 
61 

5 



(ia5) 



en eMir. 



^^ 


VLtCU 


» cvr- 


41afti«M 


0fo 


tB 


Aim. 


bUMb. 


,€K> 




,o4 


€6,6a 


,4a 


It 


,^ 


It 


>«* 


65, 04 


;2l 


73,67 

85,01 


:S 


io6,83 


,75 




>yOO 




»y65 


39,86 


,79 


53,60 


,39 


,55 


53,73 


1,07 


63,38 


i,6o 


8q,8i 


;,5a 




»,98 




l;S 




>,oo 

1,11 


5l,3l 


\% 


n 
5a, 16 


},4. 


77»^» 


5,a4 




»,i' 




1,78 




»,oo 




7,38 


17,38 


J»>8 


39,18 


1,61 




),52 




5,iA 




5,i3 





nJCSB HOTBiniK 
POV lUM "dMIl* 

IM kllogrtBBtf 
•D olUtmMrec. 



»,445 



#y 



2,38^ 
a,Q84 
a, 18a 

Q,528 





49,657 



cosrvi- 
cmrr 



COlilUM. 



a, 385 



1,760 



1,346 



49,0^7 I 
5^»^?9 1 51,735 



OBtSKVATIOm. 



3,68 



858,9 



8q3,3 



835,1 



1310.7 



4.90 



5,11 



4,60 



6,99 



RnpUure dtiu on eodroli iiMMt««u. 



* La piioe italt reside tant ekarfe pel 
danl Tingt-qaatre heares. 



Roptare sabite. 



* Cetta mAflie eharn ^tait raiMa coa- 1 
pandtte pendant plos de deax henret. 



* Bona raotion de ee polda . Tarbre ai 
commenei a ae fendre lonrltadinaleaient, 
et Moa les poldi anifanu, U a AM lente-| 
ment avant de m caaaer. 



Rupture lablte an milten aana fental 
longltadlnale. 
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TaUeau n« XVII. 




( "7 ) 



IflNEfC 


e «« ek^ite. 












ftftCBB ■OTBnn 








(ACBV 


VLiCBB 


poar MM charg« 


ooBPn~ 






!• mt- 


ftllBtl^M 


da 


CIBNT 


COHitlOII. 


OUBaTATIOHfl. 


lite 


•• 


1M kUofruiiiMS 


(ftlaitl- 






^■■■BUH* 


mUlte. 


•■ oiUlBitrM. 


ctt«. 






5,83 












»Io5 












1,91 




• 








^nre. 












0,00 










• 


j,85 
5,35 


34,85 
55,35 


100,637 


1 




^,69 


72,48 


96,640 








1,21 


m 


H 








3,73 


7?'r2 


96,693 








5#79 


94,58 


99,538 1 








5 77 


ii3,88 


99,026 > 99,322 


125l,2 


10,43 




I ^89 


m 


H 1 








7,16 


135,27 


100,200 1 






• 


S;ii 


.74'l83 


N 1 

99,903 1 








S,83 


w 


H j 










198,^6 


101,679 / 








?;f3 












»iiBr«. 












0,00 












1,4^ 


3l,42 


89,773 \ 








By3l 


5o,75 
68,3i 


92,273 \ . 
91,080 








6,5o 


86, 5o 


Qi,o53 








1,87 


101,10 


87,913 








n 


M 








3 59 


101,65 


88,391 








3>96 


f» 


" 








4,08 


■47,85 


^'^ ) 90,"8 


965,3 


4,83 




8,3i 


166,20 


00,108 
89,591 






• 


193 >02 








5,69 


IT 


It 








fci 


212,20 


90,298 








287,39 


91,235 








7,74 
ptore. 

t 


287,97 


9»,4»9 ' 
















Rnptora nbite. 










MhMl 


• ' 
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Tableau d^" XVIII. 



— Expi 



■iUOIIATIOII DM kAoM. 



Cherron 



Cberron 



Cberron 



Nimteo. 



DlfTAIKS 



■ppult. 



9,000 



. 



8 



9,ooo 



Lonouitri 



iOf36o 



LAmOSOft 

en 

BlIliM. 



87,8 



io,56o 



9,000 



Pidce de 6 ii 7, 
dito simple panne. 



9,000 



io,aoo 



10,410 



93,7 



iyAUMOA 



■UIUm. 



11.1,0 



ktlofr. 



50,75 



i3o,i 



96,.'! 



iG4,o 



ia'l,i 



194 7^ 



58,45 



G 
fell 



o,485 



0,454 



63 , a.» 



169,50 



o,5o3 



o,5io 



31 



1 
3 

4 

5 



3 

4 
k, 



3 
10 

3: 
Si 



( '^9 ) 



mmten sapUi. 



OyOO 
3,96 

6,:»4 
2,76 

7,08 

Oy3I 

4,14 
1,83 

b,83 

»,56 

0,00 

n»75 

1,18 

58,83 
3,54 

33y03 

6,17 

14, 38 

OyOO 

83,8a 

1,18 
93,04 

3,o5 
56,87 

i3a,56 

4,76 

107,48 

6,58 

I6i,74 

0,00 
20,07 
109,67 
27,55 

103,48 

35,84 



9«»69 
ft 

143,48 

H 
206,87 

ft 
372,33 

n 
434,37 



rttenifr aomnra 
four OM «lMrg« 

IM UldgiraBiiiM 
en olUtaBttres. 



117,366 

133,633 

M 
133,874 

135,493 
tt 

1 33, 839 



»I33,34l 



coBrri- 
onnrr 

elM. 



76,57 
ft 

i55,39 
tt 

335,86 



83,64 
ft 

»>8,99 
tt 

I 53, 68 
It 

327,80 
ft 

3oQ,90 

ft 
348,84 



65,445 

ft 
71,563 \ 69,419 

7't349 



103,19 

ft 
187,07 



70,633 
ff 

71,353 

tt 
70,830 

ff 
71,861 

ti 

73,i58 
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ON A NEW TYPE OF STEAM ENGINE, THEORETICALLY 

CAPABLE OF UTILIZING THE FULL »IECIIANICAL 

EQUIVALENT OF HEAT-ENERGY, AND ON 

SOME POINTS IN THEORY INDICATING 

ITS PRACTICABILITY. 



Preflented at the Nashville meetiuj^ of the Anicricun .^^.socintion for the Advancement 

of Science, 1S77. 

By Prof. Robert H. Thurston, Vice-President. 

I. — It is easy to show that the existing common type of steam engine, 
even if perfect as a pifce of mechanism, necessarily wat^tes a very 
large proportion of the heat-energy which is supplied to it, and that 
no possible improvement short of u complete cliunge of type can 
greatly increase the efficiency of the best modern engine. 

A steam engine, theoretically capable of fully utilizing the heat- 
energy supplied, and of delivering the mechanical equivalent of that 
heat, has never yet been constructed. The possibility of constructing 
such an engine has been denied by both physicists and engineers. 
Nevertheless, theoretically perfect air and gas engines have been 
designed and built, and a steam engine can probably be made, which 
may fully utilize all heat not lost by conduction, radiation, and fric- 
tion. The object of the present paper is to show, not only the pos- 
sibility of designing such an engine, using steam as the working 
fluid, but also the probable practicability of constructing a machine 
which shall waste no heat, except by conduction and radiation, and 
no power except by friction, under conditions which the engineer 
will admit to be attainable. 

The theory of the proposed new type of engine is perfectly simple; 
and its construction, although involving the overcoming of grave dif- 
ficulties in the reduction of losses by friction to a satisfactory extent, 
may possibly prove no more difficult a problem, than have been many 
others already solved. 

The working fluid is assumed to be steam, because the proposed 
type of engine cannot be adapted for use with the permanent gases 
without special and undesirable modifications. 

II. — A very simple conception, originating with Sadi Carnot, who 
published it in his well known work on Heat, half a century ago,* has 
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furnished a basis upon which lias been established the test of i pc^ -a i: 
feet heat-eni^ine. In applvinu: this tost, it is necessary to Wlotii ■"* ^ 
operation of the en^rinr throuirh a complete cycle. The cycle e» 
braces a succession of changes, which concludes by the return of 4* Bk-^ 
system to the precise set of conditions with which the cycle €<»• fc-^ 
menced. Such a cycle is a chmt'd vurvt^ of vonditiouB. It i* mIj B-'^ 
possible to infer the real relation existin«^ between the heat-cnerg Hp-' 
imparted to any macinn<' and the mechanical energy developed ft»**- 
it after the working iluid, used as a convey<)r of the hoat-energ* 
that macliine, has been restored, after experiencing a complete cjA 
of changes, to its primitive condition. The heat-cycle usually ca^ 
responds to a kinematic cycle in the engine itself. 

During each complete cycle, a certain amount of heat-energy ii 
supplied to the machine, and a certain other amount of mechanicil 
work is done by the machine upon external objects and upon its own 
moving parts. The result is the accomplishment of a certain amount 
of useful work, and the consumption, or, more properly, the conver- 
sion, of a definite aun)unt of heat in doing that work. Let these two 
quantities be called A and A^. 

Imagine the engine reversed and to complete a cycle in the oppo- 
site diriction. It' the engine be '"perfect," every operation is, dur- 
ing tliis inverted cycle, given a negative direction, and the net result 
is the re-conversion of the lieat A\ from the equivalent mechanical 
energy, -•!, which is expended in driving the engine backward. An 
engine capable of n;version in this manner, and with such a result, 
is a perfect engine and yields the greatest possible amount of me- 
chanical energy from the heat supplied to it. 

For, if not, supposes it coupled to an engine which is more nearlv 
perfect, i. <?., recjuires loss heat to do a given amount of work. Then 
suppose the first driven backward by tiie second. The former restores 
heat to the source from which the latter receives it. The amount 
restored is the full mechanical equivaler.t of the work expended in 
reversing the assumed imperfect engine. Ihit the heat required by 
the more perfect machine, which does that work, is less than that 
amount, and it conse(iuently follows that there must be an accumula- 
tion of heat in the reservoir, which heat must have been the product 
of actual creation — a reductio ad ahuurdiim. It follows, therefore, 
that the reversible engine is a perfect heat-engine, and will yield the 
full mechanical equivalent of all heat which it is theoretically capable 
of utilizing. 



It follows from the principle of the " conservation of energy," 

^^at if a certain quantity of energy is communicated to a system at 

we commencement of, or during, a cycle, no part of that energy can 

w extinguished. It must all reappear during the cycle in some form, 

^^fore the completion of the cycle. In the heat engine there is no 

■^iiown way in which heat-energy can be expended, except by the 

Production of mechanical energy, by loss in friction, and by disper- 

•*on by conduction and radiation from the system. In all heat 

Engines, any heat not disposed of in these ways will reappear in its 

Original form of heat-motion. 

A perfect engine, therefore, in the sense in wliich the term is here 
Med, is one in which no heat is lost by conduction, radiation or fric- 
tion, and in which all heat not discharged unused at the completion 
of the cycle is utilized by conversion into mechanical energy which 
may be usefully applied. 

Assuming those conditions which are known to be invariable where 
the permanent or perfect gases are used as working fluids, to be 
equally invariable with all working fluids, it is easy to determine, by 
the application of the principle of Carnot, what is the efiiciency of a 
perfect engine working under any given set of conditions as to tem- 
perature. Carnot*s conception was, to a certain extent, faulty, in 
consequence of the fact that, in his time, the character of heat- mo- 
ion was not understood, the doctrine of the persistence of energy had 
not been taught, and the science of thermo-dynamics had not taken 
shape. Sir Wm. Thomson, in 1840, modified the conception of 
Carnot in accordance with the now well known laws of thermo 
dynamics, and gave us the perfect test of the perfect engine. 

III. — In illustration, conceive a working cylinder and piston, made 
of some absolutely non-conducting material. Let the variation of pres- 
sure and volume of the working fluid in this cylinder during a single 
cycle — a double stroke of the piston — on one si<le of the piston be 
represented in the accompanying diagram, as in the indicator diagram 
obtained by Watt from actual steam engines at the end of the 18th 
century, and as in the theoretical diagrams given by Clapeyron, in 
1834. This is such a diagram as wouM be produced by a pencil 
moving horizontally with the piston, and at the same time having a 
vertical motion, proportionsil to the magnitude of the pressure of the 
working fluid within the cylinder. 



Thus, in the figure, the length of the stroke of piston is mearore 
on the diagram by the distance from the abscissa of the point P^ 
that of the point o'. The pressure varies from that correspondii 
to the ordinate of P to that of o'. The area of the figure, PF ^ 
is a measure of work done. 

Suppose the cylinder to contain a certain volume, Xj of an 
pansible fluid at the pressure Px, Let it expand, driving the pis 
before it and doing work against a varying resistance. Supplj 
the fluid a quantity of heat, just sufficient to compensate the loss 
transformation into mechanical work. The fluid is thus retainer 
the original temperature, and the curve of varying pressure wil 
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an isothermal curve. From the point P' let the fluid expand with 
receiving heat from any source ; it will now lose heat by transfer 
tion into work, and its temperature will fall, the line becoming 
adiabatic curve, as such a curve has been named by Rankine. 
o\ reverse the motion of the piston, and remove the heat due to 
compression of the working fluid as rapidly as that heat is produ< 
The pressure line now becomes o' o, and is an isothermal cu: 
Let the removal of the heat of compression cease at the point 
which point is so situated that the final return of the piston to 
starting point will bring the pressure line, now again adiabatic, to 
and thus restore the fluid to its original condition, as to both temj 
ature and pressure. 

Such a cycle can evidently be reversed, each operation occurr 
in reverse order, and in the reverse direction, and any engine of wh 
this is a representative cycle, is a perfect engine. 



lY. — Carnot showed that the maximum efficiency — the maximum 
oportion of heat utilized to heat supplied — in the perfect gas 
gine, when the engine transfers heat from a source having an abso- 
;e temperature, £, and discharges unutilized heat at a lower absolute 
nperature, t', is a fraction equal to the ratio of the range of tem- 
rature to the maximum temperature : — 

Benjamin Thompson, Count Rumford, in 1798, indicated the true 
ure of heat, and by experiment obtained an approximate measure 
its mechanical equivalent, which was corrected by the later experi- 
its of Joule, 1843 to 1849. Sir Wm. Thomson, in 1848, showed 
t we have an absolute measure of temperature (and of heat also, 
(re no physical change of state occurs) in a scale of which the 
> is situated 493-2'' Fahr., or 274'' Centigrade, below the 
ting point of ice under atmospheric pressure. In any fluid, no 
nge occurring in its capacity for heat with change of temperature, 
C]uantity of heat present in the mass is proportional to its abso- 
temperature. The mechanical equivalent of heat is now univer- 
y taken as 772 foot-pounds of energy per British thermal unit, 
SIS 424 kilogrammetres per metric thermal unit, or calorie. These 
s furnish us with a means of determining the theoretical efficiency 
rigines of perfect types working under specified conditions. All 
(ting heat engines are imperfect in proportion as they waste 
fgy by the conduction and radiation of heat to external bodies, 
as they waste mechanical energy by friction ; since, on reversal, 
energy lost in these directions cannot be gathered up by the 
sliine and restored to the source. The heat engine is also, in a 
t^siin sense, imperfect, because it is usually the fact that heat 
^cted unutilized is all lost, and cannot be restored to the source 
Oq whence it was supplied to the engine. In some forms of heat 
sines, a part of this rejected heat is so restored. 

V. — Whenever, as is the case with steam, a working fluid experi- 
ces a change of its physical state, which results in a change of its 
ecific heat while in the engine and doing work, such estimates 

efficiency become only approximate. To secure an accurate 
easure of efficiency, it is necessary, if Thomson's absolute scale 

temperatures is retained, to construct a special thermometer for 
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each substance, on which the degree must have a diflerent magnitoi* 
for each as measured by the ortlinary thermometer. 

Carnot's un(|ualified statement, is not, therefore, correct. ItisnO^ 
true that the elliciency of a heat en;;ine is simply *' a function of tl*-* 
two limits of temj)(M*ature between which the engine work?, andn^^ 
of the nature of the substance employed/* This is only true whe=" * 
the sp<'cific heat remains constant between those limits, and down 
the absolute zero. As the specific heat is not always thus constan 
it is a matter of importance to consider the nature of the substan 
used as a workini; fluid m anv ca^e. 

When such clianges of physical state occur after the working fluS i 
is rejrctetl, tlu'y have no importance, except, as will be seen presentl^s*, 
so far as they havo a bearing upon the effect of modifying the ty 



of engine. 

VI. — Applying the principles which have now been stated to L Vie 
determination of the maximum possible efficiency of the most perfect 
of existing steam en^rines, and comparing the result with theefficier\cj 
actually attained, it is easy to determine to what extent improvement 
is possible without change of type. 

Heat engines may be divided, for present purposes, into tV***^ 
principal classes, according to tlu'ir tlisposition of rejecte<l heat: 

1. Those which restore all heat rcji'cted from the working cyli*^***^^ 
to the reservoir from which it was derived. 

2. Those which restore a part of the unutilized liiat of the woi'*^*^o 
fluid, discharging the remainder from the system and allowing *^ 
be wasted. 

tS. Those which waste all heat rejected from the working cylir* •- 
No existiuiT tvne of ^*team entrine beiont's to the first of the cU*''' ., 

7 ' . . . • • m. ily 

8pecifie<l. Some forms of air and gas engines are theoretic?' ^ 
assignable to that class, as, by means of some f<>nn of "regeii*^ 
tor," tliev store up rejected heat and restore it to the succeet^^ ^ 
charjre of workin;: lluid as it enters the cvlinder. Actually, howe '*' ; 
these engines cannot peiform this part of tiieir task thoroughly, ^* 
thev are thus really to be eatab^Lriied in the second class. 

Nearly all heat engines, ineliiding the steam engine, are ii* 
correctly assignable t<» tlu' third elass. In the steam engine, *^ 
ri'iected heat, (»n leavin;' the steam cvlin«ler, is thrown into the c***^ 
denilser or »liseharged into the atmosphere, and, in either case, 
wasted. A small portion is usually saved by supplying the boil^''^ 
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D the hot- well or from heaters in which it has acquired some 
ease of temperature bj transfer from exhausted steam. In so far 
his takes place, they fall into class 2. They will here be consid- 
[ as belonging to class 3. 

.11 actual steam engines may therefore be considered as belonging 
ne primary class. They all take steam from a source having a high 
perature, degrade the heat thus obtained to a lower temperature, 
ig work and consuming a definite amount of heat in the produc- 

of a definite amount of mechanical energy, and finally discharge 
tilized heat into the atmosphere or into a large volume of conden- 

water, by which it is carried out of the system and thrown away. 

II. The steam engine differs radically from air and gas engines of 
wn class in one respect ; and this difference, although passed over 
pparently unimportant by accepted authorities on the theory of the 
m engine, has constituted a serious and hitherto unsurmounted 
iulty in the process of calculation of the exact eflSciency of the 
m engine. 

^th all heat engines in wliich the working fluid experiences no 
ige of physical state, as, for example, in the air and gas engines, 
lave 

t — t'^Q—Q' 

t Q ' 

quantities of heat being proportional to the temperatures on 
absolute scale. The same is approximately, if not absolutely, 
of superheated and of dry steam. It is true, with sufficient 
Jtness for the purposes of the engineer, of water. The proportion 
)t retained, however, in the fluid which actuates the steam engine 
mixture of steam and water in which the proportions of the two 
s are difl^cult of determination, if not absolutely indeterminate, at 
commencement of the stroke, and in which the proportions are 
itantly changing throughout the stroke of the piston, 
he varying specific heat of the mixture, and the variation in the 
unt of work done, might bo more satisfactorily estimated were it 
for the peculiar methods of waste of heat which are charac- 
itic of the steam engine, the most important of which are the 
rnal condensation and re-evaporation, which will be more fully 
ribed presently. 

ssuming, however, for the moment, that the steam cylinder is 
e, as in the typical engine of Carnot, of non-conducting 
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materiftls, a given amount of steam, entering it at a temperature ani ■*""**. 
volume such that the work <lone before expansion commences is equal 
to p V, is permitted to expand normally, the curve of pressures fol- 
lowing, approximately, a line nearly hyperbolic. 

As the specific heat of saturated steam is negative, a portion of the 
charge is gradually con<lentfcd as expansion goes on and work is 
done, and there is finally discharged from the cylinder a mixture of 
steam and water, the water bearing a higher proportion to the steint 
remaining as the work of expansion is greater. 

But this mixture of liquid and vapor contains, usually, vastly lev 1^^ 
heat than an equal weight of steam at the same temperature. Ininf |^ 
gas engine, t : V = Q : Q' ; but here the proportion does not hold,tnl 
we have, for steam, l^**' 

Q—Q' t — V |:tl 

Hence, the steam-engine should be more economical than the air or 
gas-engine working between the same limits of temperature. Thft* 
it is not, can only be due to the cause of loss already adverted to •* 
peculiar to the steam engine; or, more correctly, to heat engines, ^^ 
which the working fluid changes its physical state within the workii^S 
limits of temperature and pressure. In consequence of the facts j»*^* 
stated, it is seen that the usually accepted method of estimations 
economy, as in gas engines, is not correct as applied to the ste^*** 
engine. 



i^ 



VIII. — Neglecting the inaccuracy arising from the peculiar acti 
of steam in the engine, as just described, we will make an approxim^^ ^^ 
determination of the maximum efficiency of the perfect steam engi •^^ 
of the host existing type, and working between the widest limits ^ 
temperature generally and successfully attained. 

A marine compound engine of the most successful type in gene^"^ 
use, takes steam from the boiler at a pressure of 90 pounds per squ» *"* 
inch above a vacuum, and discharges the exhaust steam into a c(^**" 
denser having a temperature of 120^ Fahr. (53° Cent.), and at ^ 
pressure of about 2 pounds per square inch. The original tempei 
ture of the boiler steam was 'iVlO'' Fahr. (160° Cent.) The e 
ciency should then be : 

781-2 4:54 ^ J 



shoald do 772 X 0*25 = 193 foot-pounds of work for each British 
rmal unit of heat supplied to it. Per hour and per horse-power 
1,980,000 foot-pounds, it would demand about 10,000 heat units, 
ich would be supplied by the combustion of a pound of coal, 
iporating 10 pounds of steam — a very usual and a very good rate 
evaporation for steam boilers. Could all of the heat supplied to 
! engine be fully utilized, however, it would do its work with one- 
rth of this consumption of fuel — on 2^ pounds of steam per hour 
1 per horse-power, using ^ pound of coal. But even this estimated 
ciency does not represent the full theoretical economy of an ideal 
im engine, since, in consequence of the fact already adverted to, 
t the specific heat of the mingled steam and water, which forms 

working fluid, is continually changing as expansion proceeds; 
I, therefore, the real efficiency is greater than here estimated. 
is difference becomes very great with great expansion. We may, 
refore, say that the perfect steam engine, working under the 
tuned conditions, would work on considerably less than 1 pound 
5oal per hour and per horse-power. 

'he average performance of the best engines built to-day, to work 
)tigh the assumed range of temperature and pressure, does not 
) approximate to the calculated efficiency of the perfect engine. 

latest and best type of compound engine, taking steam from the 
sr at 75 pounds pressure by gauge, and exhausting its steam at a 
perature approximating that assumed in the above calculations, 
ires, usually, about 20 pounds of steam, or, say, 2 pounds of coal 
hour and per horse-power. Good engines as now built, therefore, 
e at least one-half the heat which is theoretically available for 
Production of power in the existing type of steam engine. 

C — Now, attempting to apply the test of Carnot and Thomson, 
aay detect the defects of the machine, and learn what are the 
es of loss of all this wasted power : 

i:*acing the operations which constitute the cycle of the machine 
Averse order and direction, we find that such an inverted cycle 
t include the collection and restoration of all that heat-energy 
li has been discharged into the atmosphere or into the condensing 
if at the end of the stroke of the piston; the collection and 
=>ration of all heat which has been lost by radiation and conduc- 
to surrounding bodies ; and the reconversion into available heat 
^11 work lost in friction. All this is manifestly impossible in the 
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existing type of engine, and it is equally evident that the methods o 
reducing these losses — which are, to a certain extent, inevitable — b^ 
friction, and by conduction and radiation, are well known, and ar^ 
applicable to engines of every conceivable type. 
The sources of loss are, then : 

1. Friction. 

2. Conduction and radiation of heat. 

3. The rejection of unutilized heat in the exhaust steam. 

The first two of these methods of loss are comparatively unim- 
portant, and, by proper management, can be reduced to a very 
insignificant amount. It is the last named cause of loss of work 
that is to be studied, with a view to the determination of some method 
of greatly increasing the efficiency of the steam engine. 

X. — The rejected heat which is exhausted from the engine at the 
end of each stroke, consists of two parts: 

1. That which, in the example above given, constitutes about three- 
fourths of the heat supplied, and which, in consequence of the natural 
distribution of the heat throughout the scale of temperature, is 
necessarily always lost in this type of engine. 

2. That which, by the operation known as condensation and re- 
evaporation in the steam cylinder, is transferred from the steam' 
chest to the exhaust side, at each stroke, without doing its share of 
the work of the engine. 

The method of the first loss of heat has already been indicated 
with sufficient clearness. The second loss occurs in a way which hii 
but recently become well understood, and which is still not clearlj 
comprehended by many even professional engineers. It is, howerer, 
easily explained. 

When steam expands in the steam cylinder, it enters at a ca»j 
paratively high temperature, and at the end of the stroke, at til 
lowered pressure, has a considerably decreased temperature. Thrtj 
is therefore a tendency, which sometimes has a marked effect, ttfc;. 
produce similar changes in the temperature of the cylinder itselH 
heating it at the entrance of the steam, and cooling it as expans*!^; 
progresses. The greater tlie expansion, tlie greater is this vari«ti*Bt^, 
of temperature. With considerable expansion, it becomes verygr(i(|^ 
and, the metal of the cylinder being afiected to some depth, 
amount of heat passing back and forth between the steam and 



11 

metal is often a very large proportion of the total heat of the enter- 
ing steam. When, therefore, saturated steam enters the cylinder, it 
finds the interior surface of the metal comparatively cool, its tem- 
perature having been reduced by contact with the exhaust steam just 
rejected from it. Condensation, therefore, occurs and continues 
until a sufficient amount of heat has been transferred from the 
entering steam to the metal of the cylinder, to restore it to the tem- 
perature of the prime steam. Thus it is invariably the fact, when 
superheating is not practiced, that'the steam cylinder, at the instant 
of closing the steam valve, contains both steam and water. The 
relative amount of the two fluids varies greatly, but it is usually 
found, where considerable expansion is adopted, that the weight of 
water is quite great. After the closing of the induction valve, and 
M expansion progresses, the water, originally at the temperature of 
Jts boiling point, under boiler pressure and that of the entering 
Bteam, finds itself under a constantly decreasing pressufe. Re- 
evaporation, commencing with the first decrement of pressure, goes 
on regularly, until the expansion is brought to an end by the ter- 
DJ^nation of the stroke of piston and the opening of the exhaust 
▼alve. During this re-evaporation, the water can only obtain its 
«tent heat of evaporation by robbing the surrounding metallic sur- 
faces, after absorbing from the supernatant steam any slight excess 
of temperature above that due its pressure, which the latter may 
***^e itself taken from the metal of the cylinder during that period of 
'■pidly decreasing temperature and pressure which immediately 
■ncceeded the commencement of the expansion. Finally, at the 
opening of the exhaust valve, a sudden drop of pressure occurs, and 
^'^^ \vhole mass of mingled steam and water remaining in the cylinder 
•^ once expands into the condenser, or into the atmosphere, and the 
; '^-evaporation of water, which now occurs in great quantity, makes 
•'bother draft upon the cylinder, reducing its interior to, approxi- 
"^^tely, the temperature of the condenser or of the boiling point, 
^*^der atmospheric pressure. Thus heat is taken into the metal of 
^he cylinder from the " live" steam at the beginning of the stroke, 
*^d transferred to the exhaust steam, and thrown away without 
^^^version into work. The heat absorbed in re-evaporation before 
**^ exhaust takes place, is partly utilized ; but that which is taken 
^P at the opening of the exhaust valve, is wholly wasted. 
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The process of waste just described is one of the most seriooB 
causes of loss of heat in the modern steam engine ; in some cues, 
the loss from this cause exceeds that due to the unavoidable rejection 
of heat at the lower limit of temperature, which only is taken into 
account in all accepted theoretical estimates of efficiency. It is thii 
method of waste that prevents the engineer acquiring even an approx- 
imation to the estimated gain due to considerable expansion. It ii 
this which places a limit to our expansion of steam, which limit has^ 
as yet, been but little altered by any of t)ie expedients which have 
been adopted to extend it. It has been found by experience that with 
steam of 60 or 70 pounds pressure, no gain in efficiency can usually 
be secured by expanding more than five ^r six times. Passing this 
limit, the losses due the wasteful transfer of heat to the exhaust 
steam increase much more rapidly than the gain due to the increased 
conversion of heat into work by expansion.* The higher the steam 
pressure and the greater the speed of piston, the less the loss from 
the operation of this cause. The use of superheated steam also 
reduces it. When the steam is so far superheated that the mass 
taken into the cylinder may surrender to the metal all the heat 
required to warm it up to the temperature due the steam pressure, 
without itself falling to the temperature of saturation at that pres- 
sure, this loss is reduced to a minimum. But the saving is effected 
at the sacrifice of some theoretical efficiency. Steam jacketing 
produces its well known benefit by checking the waste due to this 
condensation and re-cvaporation. 

The losses by the rejection of heat from the engine without trans- 
formation are thus seen to be due to two entirely different causes : 

the first, which is always a proportion, X l\ of the total heat sup- 

plied, can evidently only be saved by some radical change of type of 
engine. The second, which has been diminished, but has never been 
wholly checked by known expedients, seems very probably to require 
equally radical treatment to effect its cure. It is perfect evident, 
nevertheless, that to secure any great increase in the efiiciency of 
heat engines in which steam is to be used as the working fluid, some 
change must be made by which these losses must be avoided ; it is 

* In ^eu(M'al, the nuiiiltcr of times which tlie volume ut' .stesnn iiiny be expamlcd in 
the hij5li-i»res«s»ure enjiiue with muximum ecoiioniy, is not tiir from ^ ^ j\ where Pii 
the pressure in pouiula per s*4uare inch ; it rarely e.\cee«ls U'75 y J\ 
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only then by a change of type that the now usual loss of nearly 
three-fourths the heat by rejection at the lower limit of temperature, 
and of a very large fraction of the remaining energy, can be, to any 
considerable extent, prevented. Gould a change of type be secured 
by which all this heat could be utilized, giving a theoretical efficiency 
of unity, we might expect an actual efficiency of at least one-half, 
and thus obtain a horse-power by the expenditure of five pounds of 
steam, and the combustion of a half pound of coal per hour. The 
best existing type of engine has been seen to demand four times this 
amount, and it is very common for engines to require ten times as 
much.' 

XL — It now remains to be determined whether there is any way 
by which these losses of rejected heat can be avoided. 

There are two forms of engines of class Ist, in which — were it 
possible to fully avail ourselves of them — all this waste of energy 
may be avoided. 

Type A, The working flui<l, if expanded from the temperature 
and pressure of the boiler or reservoir quite down to the absolute 
zero, would have all its heat-energy transformed into mechanical 
work, and there would be no waste. Tiie efficiency would be perfect. 

Type^B. All heat rejected from the cylinder unutilized may be 
gathered up and restored to the boiler, there to serve as a basis upon 
which to pile a new stock of transformable heat-energy, instead 
of being, as now, rejected from the system entirely and lost. This 
done, there could be no loss, as all heat leaving the machine would 
be transmitted to exterior bodies as mechanical energy. Nothing 
being lost as heat, the efficiency of the engine would be unity and 
its economy a maximum. 

Forms of steam engines may be conceived in which these methods 
(of saving heat now wasted) may be applicil. Practically, however, 
it is evident, the first form of these two ideal engines can never be 
made successfully, since it would re<[uirc to be made of such immense 
size that all the power derivable from it would be insufficient to move 

•joo 

' Good enei lies should in»t rtMiuire nion* iliaii II =z . wlierc ir ^ the wt-iijlit of 

I r 

l.'iO 
8team per hour and per liorr^c puwi^r; the lic^t praciice ;!;ivi.*» ;vbt>u( W i^ - in lai-i;*!' 

engiDes with dry Mtcaiii, hij^h piston spoed, and goud ilobign, cun.*<t ruction and uiau- 
agement. 
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the engine itself. The great expansion of steam necessary to secure 
the reduction of the mass to the liquid state, even — to say nothing 
of the probable impossibility of making heat contained in the water 
avuihible — would compel the adoption of cylinders of such grett 
volume as would prevent the adoption of such engines. All advan- 
tage theoretically derivable from their use would be more than ncn- 
tralized by the immense frictionnl resistance to which they would be 
subject, even were it possible to construct them. 

It is also evident, at once, that this objection would be met, but in 
a less degree, with engines of the second of these two forms, and that 
the difficulty would be diminished by extending the range of working 
temperatures and pressures, and also that it would be lessened by 
any modification which should reduce the proportion of rejected heat. 
It follows at once that the direction in which we should look for 
improvement is that in which the well known expedients for increas- 
ing the economical value of the common type of engine may be 
adopted, with the addition of the single expedient here described of 
saving and returning to the reservoir all rejected heat after its amount 
shall have been reduced to a minimum by those familiar methods. 

XII. — It is not at all impossible that, although the first of these 
newly proposed types of steam engine is unlikely to have practical 
value, a modification of that type may, at some future time, come 
into use and effect a considerable saving of the now wasted heat. It 
seems improbable, yet it cannot be said to be impossible, that the first 
method may be carried so far as to secure the greater part of the heat 
now rejected in the form of latent heat, and that thus only the heat 
rejected in the liquefied steam will be wasted. Experiment has not 
yot determined fully, either the liw of distribution of heat through- 
out the scale of temperature, in either water or steam, or the method 
of clian<:;e of physical state. It cannot, therefore, be said whether 
the peculiar and irregular changes of condition of the fluid, which are 
observed within the range of temperature familiar to us, are illustra- 
tions of similar, and possibly more marked, irregularities of physical 
modification of temperatures nearer the absolute zero or under pres- 
sures, which Dr. An«lre\vs, and other physicists, and Perkins, 
Alban, and others, among engineers, have barely begun to study. 

We therefore cannot say what would be the behavior of the fluid 
in an engine of the first type, and cannot even imagine how far the 
theory of efficiency of heat engines, as usually accepted, may apply 
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to the steam engine of the now standard type, when tiic range of 
temperature of its working fluid shall have been greatly extended. 
It does seem probable, however, that the steam engine will be found 
to have a theoretical efficiency, greater than we have previously sup- 
posed ; and we hope that the practical difficulties to be overcome in 
the attempt to realize that maximum economy, will be also found to 
be less than has been anticipated when they are resolutely attacked. 

XIII. — It is evident that an engine of class A can only exist 
when expansion can be carried to such an extent as to leave the 
working substance at the absolute zero of temperature and entirely 
deprived of all actual energy. 

But Sir Wm. Thomson has enunciated the principle: 

^* It is impossible, by means of inanimate material agency, to de- 
rive mechanical effect from any portion of matter, by cooling it below 
the temperature of the coldest of the surrounding objects." * 

Were this principle universally true, it is evident that no engine 
could be constructed in which the working fluid could be degraded to 
an average lower temperature than the mean annual temperature of 
the earth at the latitude of the place in which the engine should be 
situated. Clerk Maxwell has pointed out the fact that, by apeculinr 
conceivable, though impracticable, device, the limit fixed by this prin- 
ciple may be exceeded." It is also easy to conceive a much simpler 
and more natural set of conditions, as will be presently seen, which 
will permit the limit to be passed, and, possibly, the practical limit to 
be set back indefinitely in the direction of the zero of heat -motion. 

In truth, the principle, as stated, is not correct, except ns it implies 
the existence of certain conditions which are practically persistent, 
including the use of a permanent gas as the working fluid, or of a 
substance which does not change its physical state in such a manner, 
during the conversion of heat into mechanical work, as to invalidate 
the asserted law. 

The fact is, that the conversion of heat-motion into mechanical 
energy is not limited theoretically, and tnat/ not be limited practically, 
by the temperature of the earth's surface. 



•On the Dynainicul Tlirory of Ileal, etc.. bv Wii». 'rhuinsmi ; Traim. R. S. A'., 
March ami April. 1851. 

•• The Utt8ttn i-nittrae^ Pages 8H-S'». 
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XIV. — In order to show that heat may be converted into work to 
any extent, and without regard to the temperature of surrounding 
bodies, we will trace the process in two cases, viz.: 

1. Where the working fluid is a permanent gas. 

2. Where a working 8ul)stance subject to change of physical atite 
is used ; for example, steam. 

Suppose a working cylinder provided with a tight-fitting piston, the 
cylinder to be of indefinite length, and the working fluid to be on one 
side of the piston and a perfect vacuum on the other side. It is en- 
dent that expansion may go on indefinitely in such a cylinder, mo 
that the teniperature of surrounding objects will have no influence on 
the extent of such expansion, or upon the completeness with whid 
heat can be coiiverted into work. The working fluid and its work 
are absolutely independent of overj'thing external to the cylinder m 
which the transformation of heat into mechanical eiiergy isgoingon. 
There is no natural limit to the process of conversion. The pistoo 
being free and oftcring no resistance to motion, we may suppose tw 
expansion to continue until the working fluid, which we will here »^ 
sumo to be a permanent gas, has lost all expansive force, and nut" 
all its original heat-motion has been converted into mechanical enerj 
and transmitted to objects *»xtornal to our prime mover. 

The conclusion of the operation leaves the molecules of the g 
difi'used through a vast space, absolutely at rest, * and with(^'»^* 
vibratory motion. Had not the heat originally contained inthem*''^ 
been expended in doing work, the magnitude of this space wo«-*^ 
evidently have been infinite, and the particles, when they had lost ^» 
vibratory motion, would have acijuired a velocity of translation *^ 
lines parallel to the direction of motion of the piston, equal to t»^^ 
velocity due the height through which their original heat-ener^T^ 
would have been sufficient to have lifted them, and equal to tl*^ 
velocity of the particle iu its orbit of heat-motion. As, howev^*"' 
this heat-motion has been converted into mechanical energy, fcl*^ 
space throu;^h which the gas may difluse itself is restricted. 

Now, the removal of a particle from one point in space toanotb^^' 
re([uires no expeiuliture of energy. The work done on the partid^« 

' Tlii- iii:iy 1h* Iim) iirii|ii;i1itu'<l :i >l:ilriiM'iit. ll is imt ci-riaiii tlisil all liO!it-i'D ^t'*"?^ 
(•■■Ill Im' riMiinM-il frimi :i tliii<i l»v <*\|»;m>ii)ii. ll i*' |Missihlo iliat nn imh'tinittf «ni«>**" 
of ein'i-^ry III" rwialiiiii may In.' r«>i:iiiuMi afiiT <'\|»:iii*ioii siiall have reino veil all «'»•'"&' 
Ki\' iiii^iioiis ill' Iraii^lalioii nf iho inoliH'iilr^. 
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giving it its maximum velocity in transit, is restored by it while it 
being again brought to rest. It may thus be possible, in our sup- 
sed case, to gather up all these particles and to collect them about 
nr common centre of gravity, where they will occupy the volume of 
3 gas in its solid state and at absolute zero. If this had been done 
thout collision of particles, no energy will have been expended and 

work will have been lost. The mass may now be transferred to 
e reservoir, at its original starting point, by the expenditure of an 
nount of energy bearing a less proportion to the energy which has 
ien converted into work as the now indefinitely small volume bears 
> the volume of the gas when it first issued from that reservoir ; the 
nount will be insignificant. The operation just traced may thus be 
^peated indefinitely. The eflScicncy of our engine is unity, and it is 
rfect in every sense. 

It needs no further reasoning to prove that the temperature of 
■rounding bodies has no influence upon the operations here indi- 
ed, and that it is a matter of no moment what may be the tem- 
ature of the place at which this work has been done. It is further 
lent that, if the upper limit of temperature in this example had 
n the temperature of the earth's surface at that place, and if the 

king substance were air, the reservoir miglit have been the 

osphere, and the operation described would, if continued indefi- 
'ly, result in the conversion of all heat-energy into mechanical 
^gjj ^^^ ^^c cooling of the earth down to the absolute zero of 
iperature. Were it practicable to carry on this operation, and to 
>ly the mechanical energy resulting from it to the acceleration of 

curth's motion in its orbit, its velocity would be increased some- 
^S 'ike one mile per second (we assume the mean temperature of 

earth at 1500° Cent., and its specific heat at 0-2). 

^V. — Next, suppose the same operation to be repeated (and in the 
^ manner), using as a working substance a fluid which loses the 
'^sil physical condition while expanding, and, like steam, con- 
'^s as it expands. In this case, the particles of the fluid, instead 
^*ng indefinitely dispersed, arc capable of but a limited expan- 
-At each instant, a portion of the vapor assumes the liquid state, 
^^^ tiering its latent heat of vaporization to the uncondensed por- 
/^^ the gas, to be tranhformod into work. Thus an accumulation 
'H^d takes place in the cylinder which becomes very considerable, 
^ ^n engines operated within very usual ranges of temperature. 
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Conceive this operation to continue until the limit is reached ^ 
bef<»re. There will now remain in the steam cylinder a mass of i<?* 
at the absolute zero of temperature and a minute quantity of matt^^ 
at the same temperature, but with its particles widely separated, t^* 
in the preceding case. The great mass of the working substance hard) 
in this case, been collected by the process of condensation duriimg 
expansion, and thus nature has done here what, in the other cas^^i 
must have been done artificially. It now remains to return to tli« 
reservoir the solid mass. This is done, as before, with no greifct 
expenditure of energy. The small quantity of dispersed particles 
may be gathered up and restored, as in the ca<e of the permanen "t 
gas, or it may be rejected from the system as of no appreciable valu^?' 7 
as may seem best. The process being completed, the system is m "■* 
condition to permit the commencement of a new cycle. It is eviderk*' 
that the efiiciency of this ideal engine is, like that of the ideal engic"^^ 
using a permanent gas, perfect. 

XVI. — The practical difficulties which stand in the way of tfc"^ 
engineer who endeavors to realize the conditions <lescribed, are a- "X 
parently insuperable. Yet this impossibility of realization is Ax^^ ^ 
simply, to the existence of natural conditions which are comparab ^ 
in their influence, to the actii)h of repellant central forces. We m^KS» 
con<iuer them in a certain degree by the exertion of any given amoi^a. "> 
of skill and intelligence ; but, as we advance, the diflSculty beconr^ ^ 
more and more nearly insurmountable by Unite power, and the perffc-^^^ 
realization of the conditions and of the efficiency first ideaUxeiL 
only attainable by the exercise of an apparently infinite intelligen:*- ^ 
and power. Perhaps a better and more encouraging view would •^ 
given by the statement that we may expect to approximate to ^'^ 
realization of the efficiency of the ideal perfect engine more and 
closely, as we advance in scientific knowle<lge and in construct 
skill, without limit. It is therefore pn^per to inquire how far we 
limited in this progress by conditions which are now common in *^'^ 
practice of steam engine construction. This we will presently do- 

XVII. — Thomson appends to his proposition (which has hey ^^ 
called an axiom) the following note : 

"But if this axiom be denied for all temperature, it would have? 
be admitted that a self-acting machine might be set to work ^^ 
produce mechanical effect by cooling the sea or earth, with no li 
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but the total loss of heat from the earth and sea, or, in reality, from 
tho whole material world.*' 

"Yet we have already seen that such an engine might, by some 
intelligence, mighty, but not necessarily infinite, he set at work to 
produce mechanical effect by cooling sea, earth and air. We can see 
th^t Omnipotence may thus transform all the heat-energy of the uni- 
verase into mechanical energy. The " Creation " was either such a 
tra-nsformation of previously exi.sting heat-energy, or an actual 
production of something from nothing. Either process would accord 
witli all that is taught us by either science or revelation. 

Trace, again, the cycle of our ideal engine : a certain weight of work- 
ing substance is contained within a reservoir, whence it issues, driving a 
he&t engine in which all its available energy is transformed into 
mechanical work. Restored to the reservoir, it there receives a new 
stock of heat from the surrounding bodies, which constitute a part of 
the material world, and another cvcle succeeds. This continues until 
all the heat of surrounding objects, and all they can withdraw from 
otiier bodies, is exhausted, and an equivalent amount of kinetic or of 
potential energy has been produce<l. The machine, mat/ go on and 
abstract all the heat from the universe, 

Again, suppose the engine to derive its heat from the combustion 

of fuel within its reservoir. It is now absolutely independent of all 

external bodies, so far as temperature is concerned, and knows nothing 

of so-called limits ; its only limits are the 'temperature attainable by 

the combustion of its fuel on the one hand, and the temj)erature at 

whic^h heat-motion ceases on the other. It may be considered as 

enclosed within a chamber absolutely impervious to heat and may be 

P'«ee<l in a part of the universe devoid of heat, or in a place where it 

w/i i>^3 surrounded by the heat of a glowing sun : it will, if it does not 

®Jfn/i.xa^^ its stock of fuel, work on under all such variations of exter- 

rsoriflitions with unvarying eflieieney. Tiiis (MMnplete separation 

Ttk External temperatures is one of the mo^t familiar problems of 

^•^"^gineer in his managrmcnt of the or«liii:iry steam engine, of the 

J^ g**s engine, or ot any neat r'ngnie. 

^*o universe ( taking a glaiic" at a wich-r cycle) is independent of 

^"fc^ffine workin<x on heat-enerirv derived from fuel, so far as re- 

^ ** its stock of heat-entirgy. The machine reec»ives a certain 

^p . ^^"fxt of energy as heat and discharges it as mechanical energy. 

rnechanical energy is all, directly or indirectly, returned to its 
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original form of heat-energy. The heat received from surrounding 
space and stored in our coal-beds, is, through the engine, revived, 
changed in form, then clianged back into heat .again, and finally 
thrown back into space. 

Thomson's qualification of his '^ axiom " does not, evidently, con- 
firm the principle which he has enunciated Our self-acting machine 
might cool down " the whole material world.** 

XVIII. — The practical difficulties which stand in the way of the 
engineer who attempts to effect tlie realization of either of the two 
classes of perfect engine which have been described, can now beeaaily 
anticipated, and wo may even, to a certain extent, determine how we 
may best proceed to attack them. 

Type A is seen, at a glance, to be an utterly impracticable form 
of engine. Using a permanent gas as the working fluid, we could not 
possibly find space for the expansion of the gas to absolute zero. 
Gould we find space, the mean pressure would be so low, and the 
magnitude of the engine so great, that the resistances due to friction , 
would absorb more than all of the energy developed. But even sup- 
posing these two difficulties less absolutely insurmountable, we should 
still be unable, by any known process, to gather up the scattered 
particles of the iluid without producing collisions among them, which 
would generate heat and compel the expenditure of energy in the 
restoration of the condensed gas to the reservoir. In all known 
methods of condensation, as in the compression of air for use in mining 
and other machinery, the heat developed is equal in amount to thit 
given out by the gas in expanding. We are thus practically brought 
to a limit, in the expansion of the permanent gases in heat engines, 
at which the useful transformation of heat into mechanical energj 
must cease. This limit is that assigned by Thomson to the ideal 
engine. If, at some future time, a working fluid and a method of 
operation shall be found which will enable us to bring the temper* 
ature of the exj)anding substance to atmospheric pressure at less than 
atmospheric temperature, the limit will bo moved farther toward the 
zero. All known or [)rol)able modiiications of Type A will be likelj to 
transfer the maehin*' to eitlier Type "2 or Type 3. 

The use of otlier working substaneos than the permanent gases does 
not seem likely to overcome entirely the difllculties pointed out as 
inlierent in the use of those gases. It is, nevertheless, perfectly 
obvious that condensable fluids may prove better working substance* 
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the permanent gases, in virtue of the property possessed by them 
f-aggregation. Such flaids will evidently demand less space into 

to expand ; and the economy of space will rapidly become more 
3d as the absolute zero is approached. If, at some future time, 
d shall be discovered which, possessing great volume at high 
^ratures, like steam, shall become wholly liquefied at ordinary 
^ratures, when expanding against a resistance, and on reaching 
derately low pressure, the effi(*iency of the engine will become 

nearly perfect, probably, than in any practicable form of even 
etically perfect engine worked by a permanent gas. It is evident 
the property which it possesses of condensing with expansion, 

doing work, is an exceedingly important and valuable quality 
e vapor of water, considered as a working substance for heat 
es. 

way hfis yet been devised, however, of making a steam engine 
^pe A. Assuming it to be possible to make such an engine, 

steam of 75 pounds pressure by gauge, expansion is supposed 

on, in this case, until the fluid, by the conversion of all its heat 
rtfork, has become first liquefied and then solidified. We may 
r estimate the efficiency of such an engine^ working without loss 
iction, or other causes. The work done per pound of steam 
Dted at 75 pounds pressure, and at a temperature of 320^ F. 
^ Cent.), would be Jil0,5o7 foot-pounds; the work expended in 
cmoval of the ice against atmospheric pressure, would be some- 
; less than 38i foot-pounds; the efficiency would be (910,557 — 

-r- 910,557 = O-iUKiO == i]. All heat originally existing in 
duid having been used in doing work, the rejected solidified 
2r would absorb heat from surrounding bodies, and thus a 
in portion of energy would be acquired by cooling down those 
ts. Assuming the engine perfect, structurally, and thus free 

friction, the upper limit of temperature, as has already been 
ited, need not exceed that of the surroun<ling bodies. In the 
1 engine, the duty would be diminished immensely by frictional 
►ther losses. 

uiplete utilization of all heat is not practicable with the heat 
e of Type A under any known, or even conceivable, conditions 
tual construction.' 

TK. — The two kiii«ls •»!* Hiiitl. wurkinp^ in I'li^fincs of ilir Class A, :iro <t.'cii toirivf 
uinietoristic |)ro<liici.s ul' the t\v«» known ]»rocr>*M's of nhsli'.ictioii of ho.-il from 



XIX. — It remains to consider the possibility of securing mari- 
muni cfficicnQy in actual engines, by the adoption of Type B of Hlan 
1. In this form of engine, all heat rejected from the working 
cylinder is retained in the system and is restored to the reservoir, 
thus securing complete utilization of all heat which leaves the 
machine. Nothing escaping, except in the form of mechanid 
energy, there can be no waste, and the efliciency of the machlK 
must be unity. The engine is a perfect machine for transformifig 
heat into work. 

It has just been seen that a practical and probably insurmountabk 
difliculty arises in the attempt to make an actual engine of TypeAi 
even using a condensible liuid as the working substance, in th* 
necessity of removing not only the ice deposited, but also of gaihct 
ing up the widely-diffused molecules and restoring them to the res^ 
voir, without giving them vibratory motion, and thus expending up^ 
them an amount of energy ecjual to that which they had given C3 
during their expansion. 

If it were possible to find a working fluid of such character tl 
the desired conditions may be partially realized, and at a compfl^^ 
tively high temperature — that of surrounding bodies — and that 
condensed portion of the su])Stance may be returned to the reserr-c 
the vapor remaining being discharged into the atmosphere, sucha 
engine would evidently be a simph* modification of the well-kno 
high-pressure expanding non-condensing steam engine. In t 
latter the steam is largely condensed by expansion as a worku 
fluid, and the water is often, and may be always, returned to t 
boiler. The uncondensed portion is discharged into the atmosphe' 
To Convert this engine into a machine of Class li, it will be necess^ 
to find a way of restoring all rejected heat to the boiler. 

Type B, in which all unutilized heat is restored to the reserrO 
comprehends engines of two very difterent kinds. Tliese are : 

1. Ileat engines in which the rejected heat is transferred from ^ 
mass of working substance discliarge<l from the working cylinder 
the end of the stroke of the piston, to a mass of metal or other h^« 

tliiiils: 1. I'orc.-il'lv riimprt'>;«< tlu- lluiil. vriiiKviiiji: tin' lioat ol* ftnuproj'siini as MJ* ' 
ns it i- ;.';i'iu'i*!iHMl ; flic ]>vinliict i^, aft it all Iwat ii:i«^ liocii i'imuuvimI, :i iiiajsy of n"* ■ 
iiiiiiii <l«.'ii>itv, |iri>l'al»iy ^"li«l in all i-a^os. aii<l at tlic jil»*<oliite y.oro nf teiniHTS* ' 
li. Alisti-ict iIh.' lii-at I'luitaiiirij uii jijmli v in iIm- iiia<s, l»v CJiii<iii}r it.<» fxi«ii»- 
aj:;nn-t a r«'>;islaiii-o : \ho j»i'(»<lnri i>» a ilitViisrtl m:\ss.\vitlnmt tetisimi. iif mini* • 
|M(^<i'>l«' •K'li'^ily, an«l at iIk' aliSDliitt* /t'r<» i»t' i«'ni|>tMMturr. 






■bing material, and from the latter a;:ain transferre*! to .inothor 
a new charge of work in «: lluiil wliicli is about cnti'rin;^ the 
voir to take up a new stock of heat oner^ry. 
Ileat engines in wliich, as in the idesil engines alreatly de- 
»ed, the rejected working fluid itself, with its contained unutilizetl 
, is all returned to the reservoir. 

X. — Engines of the first of the two kinds into which Type B is 
divided, and in which the workin*' fluid is usually air, have fre- 
\t\j been designed. The mechanism by which the heat is stored 
restored by transfer has been called the '• Regenerator." Engines 
ng regenerators have always been supplied with air as a working 
. The regenerator consists of a mass of metal, u-ually made up 
collection of conveniently disposed sheets or wires, into which or 
us:h which the reiected >fas is dischar^e<l, and thr()U;xh which or 
I which the entering charge of the working fluid passes on its way 
he cylinder. The mass is heated by the transfer to it of heat 
I the rejected charge, and this heat is returne<l to the entering 
ge to be more or less thoroughly utilized by expansion at the 
ceding stroke. 

lie regenerator never operates with more than approximate thor- 
iness. The time allowed for the transfer of heat from the regen- 
or is not just ecjual to that given for absorj)tion by it. The 
plete tranpfer of all heat, and with equal rapidity in both direc- 
s, demands an e(|ual mean difterence of temperature between the 
il and the gas, urging the How of heat in the two directions. 
is not secured, and the rcirenerator either continuallv warms 
y the accumulation of heat, or it acts very inefli(^ieiitly. In 
iir engine of Stirling, in which this device was first used, about 
', the amount of lost heat was still very considerable. The en- 
g charge of air is itself heated before passing through the reg(»n- 
'!•, and is thus prevented from taking up aiMitioiial heat rea<lilv 
promptly. The rejected charge is sent through the regenerator 
very great rapidity and is rapidly expanding as it passes. It is 
i^iven time enouirh to ilischari'e its heat into the metal received. 
It necessarily retains a coiisi<b'ral»le proportion as latent heat of 
iision. Nevertheless, air engines fitted with regenerators have 
"times proved to be very eflicient. The engines designed by 
8S30n for the steamer of that name were found by Prof. Nort<in to 
developed their full j)0wer (300 II. 1\) with a consumption of but 
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1*87 pounds of coal per hour and per horse-powor. The transfer ^^ 
heat from the fuel to the working fluid wis here found to be, as J* 
always the case with this class of engines, very ineffectively secured- 
The gases are too nearly perfect non-conductors to permit rapid »b' 
sorption or discharge of heat; and this fact is one principal cause o* 
their ineflRciency ; it so greatly reduces the efficiency of their hT- 
naces that the net efficiency of the machine becomes very much lcs» 
than it would be were the furnace as effective as are steam boiler T" 
furnaces. It is evident from what has been stated that the regera — 
erator, os applied to engines having permanent gases as their work- 
ing fluids, does not yield a satisfactory economy by storing itt« 
restoring rejected heat. 

The regenerator is entirely inapplicable to engines in which steal 
and other saturated vapors are employed. The rejecte<l heat, in the 
engines, is principally conveyed from the working cylinder in tlm- ' 
form of latent heat of vaporization, andean only be removed fromtl^ 
exhausted charge by the condensation of the steam. But this coi 
densation involves the degradation of the rejected heat to a temperxr= 
ture at which it is no longer transferable to the entering charge ^cr» 
the working substance. The use of a regenerator is therefore out^^^> 
the question in engines in which vapors of liquids similar to saturate^^*- 
steam are employed. 

It is, however, possible to secure a partial saving ot heat rejectt:^*^ 
from one such engine, as the steam engine, by using, as an absorbe'^cm 
of that heat, a li(juid having :i boiling point at a temperature consi^*-*' 
erably below that of the li([uid formed by the condensation of tfc-*^ 
first used vapor. The transfer of the heat rejected from the fir"-*=*^ 
engine to the li([uid contained in a reservoir forming a part of tt-^*^ 
second engine, results in the condensation of the steam in which it w«s^~ 



originally contained and the simultaneous vaporization of the secoi^- ^^ 
li(|uid. The latter is then used in the production of power by tl:*- *^ 
utilization of a part of the heat thus preserved. Could a series *-^ 
substances be found thus relateil to each other, this process could l^ 
continued indefinitely, or until tlie available energy ceases to be coi 
petent to overcome frictional and otlier resistances. The engine whi(? -^ 
formed the terminal of the stories would waste all heat rejected frou^^ 
its cylinder. Such a combination as is here described has been mad*^^ 
two engines beinj^ used, ;nid has been known as the ** Binary engine. 
The first of the pair has been worked by steam, and the second by itM ^ 



Fa-porof ether, of chloroform, or of the bisulphide of carbon. The 
eOS «iency of the combination has considerably exceeded that of the 
st^aim engine; but it has not been sufficient to compensate the prac- 
tice fiil difficulties met with in the construction, and especially in the 
operation, of such engines. 

^3^X1. — Were it possible to conduct this operation of re-working the 

re j cscted heat by passing it through the first cylinder again, instead of 

beiTig compelled to use additional engines, it would be decidedly more 

aarisfactory than the use of the Binary class of engines. We may 

naturally next consider the possibility of returning to the reservoir 

all heat rejected in engines using vapors, ns of water, as their working 

fluids. As the regenerator system is inapplicable here, it is necessary 

to secure the return of that unutilized heat by restoring to the reservoir 

^11 exhausted gas or liquid, or both, without seeking to remove from 

them and to restore separately the hea,t with which they are charged. 

fortunately, the conditions which make the use of the regenerator 

system impracticable, are favorable to the adoption of the expedient 

whicli has been described as characterizing the operation of engines 

of TypeB. 

-A.8 has been seen, the expansion of steam doing work results in 
the condensation of a portion of the vapor. The weight of steam 
coi:iilen8ed bears a proportion to the weight of steam supplied, which 
^ greater as the work done by expanding that steam becomes a 
greater proportion of the mechanical ecjuivalent of the thermal con- 
tents of the steam when supplied to the working cylinder. 

Suppose the expansion to be curried so far that one-half of the 
vapor becomes liquid. Imagine the water of condensation separated 
from ^Yie uncondensed vapor, and the two masses returned to the 
boiler separately by compressing pumps. The return of the water 
^^Ulcl involve the expenditure of an amount of work measured by the 
P''^*iuct of the volume of that water into the difference of pressures 
>o the boiler and in the receiver into which the exhaust has been 
"*®^Harged. The return of the uncondensed steam would involve 
^^^ Only the return of the charge of heat contained in that steam, 
^^ also the return of all the energy which the vapor had yielded 
^^^^'ing its expansion ; since an equivalent amount of heat would be 
g^KXerated by its recompression to boiler pressure. 

Under the conditions now assumed, it is evident that only that 
P^^'tion of the heat entering the engine which is surrendered by the 



condonBatioQ of eteam doing work can be utilized. It is ah 
that, in this form of engine, no licat can be lost ; and, cona 
that the engine of Type K, which is operated as just indie 
h»ve yielded the exact e<iuivalent of the net amount of lieat 
npou it. All heat rejected from the working cylinder, u 
being returned to the boiler, there to form " a ba!<ts un whi 
up a new stock of utilizable energy," the engine is a 
engine " in a broader sense than that adopted by Carn< 
farther evident, that perfect efficiency is given for all range 
perature, and that what working fluid shall be adopted 
temperatures shall be chosen, will be determined liimply by 
conditions to bo ascertained by experiment. 

The work done in restoring the water of condensation to 
being 80 small in amount that it may be neglected, the ratio ol 
irork done in restoring rejected heat to the work done by I 

un the p 
b 




of O-i.5, ii: 

gino of Typo B, the quantitios of work dune during expai 
during compression will have the ratio, nearly, of 1 : (1 
= 0-75. 

The indicator diagr.im of our new engine will be aimila 
shown in the accompanying figure, in wliich the onlinat 
curvo measure the pressures, and the abscisBie are propo 
the volumes of the expanding fluid. The sti'iim expands 
volume (/ to the volume / (', when doing work, and 
pressure a or &;/ to the pressure <■/. when expandin 
ing to Boyle's law. Doing work, however, the griidual con 
of the fluid reduces tlie prcFsmc during cxptinsjion, nni; 
becomes b k d, instead of b c. When the attempt is 
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restore the rejected fluiil to the boiler, tlic compression would 
naturally cause the line d /c b to be retraced ; but havin<^ removed 
the water of condensation from the engine separately, it cannot add, 
by its re-evaporation, to the tension of the steam under compression, 
and the latter must behave more nearly like a perfect gas, causing the 
lino to take the direction die. The net result is the production of me- 
chanical energy represented by the area e b k d I e, and the expen- 
diture of an equivalent amount of heat energy, plus the amount 
of energy required to return the water of condensation to the boiler. 
Had, in this case, the steam been cut off at an earlier point in the 
stroke, as at f, the area e n m would have represented the quan- 
tity of heat transformed into work. It is evident, that the more the 
steam is expanded, the greater will be tlie proportion of steam con- 
densed, and the less the amount remaining to be compressed to boiler 
pressure, and the less the weight of steam required to be supplied to 
the engine per unit of work done. It follows that, to secure an 
engine combining high efficiency with small volume, it will be 
advisable to employ steam of high pressure, and to expand it as 
much as may be found practicable. The new type of engine can, 
probably, only supersede the common form when engineers can 
enQploy steam of very high pressure, and adopt much greater range 
of expansion than is now usual. Great velocity of piston and high 
speed of rotation are also essential in the attempt to make this 
revolution in steam engine construction a success. 

XXlI. — The term efliciency requires more accurate definition than 
>s Usually given it in works treating of heat engines. There are 
several distinct quantities to which the term is often applied. The 
^V^iericy of the fluids by which should be understood the ratio of the 
<lQantity of work done by the working substance to the mechanical 
equivalent of its thermal contents at the instant of entering the 
J^i^iJqi. Qf the engine, and which, measured by the quantity 

9 — ■ Q' 

'^ ^- = -E, is often confounded with the efficiency of the engine^ 
^ ^ *i latter is the ratio of work of the en^^ine during a f^iven interval 

Or f" * o o o 

* ^ie to the mechanical equivalent of the heat supplied to the engine 

, . *i0.t time. The etjieiencf/ of thr boiler is the ratio of heat 

J ^^X"ed from the boiler in dry steam to the amount of heat 

"^oped in its furnace by the combustion of fuel. The efficiency of 
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the furnace is the ratio of the amount of heat rendered utilizable by 
transfer to a boiler, by that furnace, to the amount of heat genertted 
by the perfect combustion of the fuel supplied. The efficiency of th 
engine is also often taken as the efficiency of the whole combiDatioD 
of engine, with its fluid and with boiler and furnace working 
together. This latter is also often confounded with the efficiency of 
the fluid as well as with the efficiency of the engine proper. Itii 
generally assumed that the theoretical efficiency of the steui 
engine, including its boiler, is limited by the efficiency of the flnid} 
and that, for example, the efficiency of an engine working betweei 
the limits of 800^ and 600^ on the absolute scale can have no greater 
efficiency than that measuring the efficiency of the fluid =, say, 0'25l 
That this is not the fact is seen when it is remembered that our 
ordinary calculation of the efficiency of the fluid takes no noteoftlie 
temperature of the fluid supplied to the reservoir or of the method of 
disposal of rejected heat, which, as we have seen, is usually pardj 
saved, and may be wholly restored. 

Assume the limits of temperature and pressure of two engines to be 
the same, the upper limit being 90 pounds absolute pressure and the 
temperature 320° F., or 180° C, and the lower limit 2 pounds and 
126-27° F., or 52-37° C, the working fluid to be steam, and one engine 
to be of the ordinary type, the other of the new type. Let boA 
engines expand completely from the upper to the lower limit. First 

determine the value of -- — — — = E for the common engine, taking C 

as the net amount of heat supplied to each pound of steam by th« 
fuel in the boiler, and Q' as the quantity rejected from the cylind** 
and discharged from the engine, assuming no losses to occur by co^ 
duction, ra<liation, or friction. 

E is evidently the efficiency of engine and boiler working togetb^^' 
and its estimation should afl'ord a basis for the calculation of i^^ 
weight of steam required by the engine, and of water to be fed to tb 
boiler. The efficiency of the furnace and calorific value of the fu^ 
being known, the weight of fuel may then be calculated. 

Taking the feed water into the boiler at a temperature of 11 ^ 
F., which is a very usual temperature of feed, the total heat ^ 
steam supplied to the engine at a pressure of 90 pounds per squi*' 
inch above a vacuum will be 1211-5 — 110 = 1101-5. The therUJ^ 
contents of each pound of steam rejected from the cylinder at 
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sure, the temperature being 120*27, will be, if reckoned 
riginal temperature of feed, 1152*5 — 110 = 1042-5. 
isted with each pound of water so rejected, will be 126*27 
6-27 thermal units. 

il weights of steam and of the water rejected, per pound 
ppHed to the engine, may be readily calculated. It has 

by Rankine that steam, expanding under the assumed 
ind condensing, as it does, in a nonconducting vessel, 
relation of volumes and pressures which may be approx- 
•ressed by an equation of the form P V^ = (7, in which 
t of the quantity Khas a value exceeding unity. Ran- 

this value to be about 1-1111+ ; but it has been since 
by Zeuner to be more nearly 1*333+, which latter value 
Q as correct. It is confirmed by Cazin and Him.* The 
ne pound of steam at the temperature and pressure at 
ers our steam cylinder, is 4-72 cubic feet. The value of 

-4 



)re, P r •* = C' = 90 X 144 X 4-72-^ = 102-611. The 
eam exhausted from the cylinder — expansion being taken 

1 carried so far that the pressure at the opening of the 

ve is 2 pounds per square inch — must be V=(J-i-P^ = 

2 X 144)-^ = 70*53. But the volume of 1 pound of steam 
isure is 172*4 cubic feet. The quantity of uncondensed 
ted from the cylinder, per pound of steam supplied, is, 
0*534 -H 172-4 = 0-444 pound. The weight of water 

(172-4 — 70-5) -:- 172-4 = 0-556 pound. The steam 
I it 1042-5 / 0-444 = 402-85 thermal units, and the 
10*27 X 0*550 = 005 units. The sum 471-90 units, is 
lount of heat wasted by rejection from the engine. The 
has been utilized is 1101-5 — 471-90 = 030*6, The 
7, is (1101*5 — 471*9) -- 1101-5 = 0-57, or nearly six- 
en seen, had the working fluid been a permanent gas, the 
•uld have been one-fourth. The difference illustrates the 

Til is vnluo of / n\;\\ liavo l)tMMi hero accented on iii.suHieient nutliority, 
inier, in liis Irentise i French eil., p. "m'/Ji, iiinkes it l-lo'>, niu\ Cirashof 

/(Miner :il*iO sh<>\v»< tliMt the value of j- is reiluce<l hy the ntMition »»f 

enni. Ljibr)uhiye still insi-^ts, also, (»n the value ;>70 kilognunnietros, 

for .loulcH e«|uivalent, which, if correct, would modify thfe theory 
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superiority of the cornlensable vapor as a medium for conversion tit 
heat into work. Assuming perfect efficiency, aside from the defect 
just estimated, this engine sliould require but (1,080,000 -f- 1101*5 
X 772) -;- 0-57 = A-W pounds of steam, or about two-fifths of i 
pound of coal per hour and per horse-power. An actual engine, 
working steam in this manner, usually consumes at least five times tin 
amount. The tlift'erencc between the estimated theoretical and tk 
actual efficiency, has usually been supposed to be much less, and it 
has been stated by the writer, as well as by other engineers, that tin 
range left for imj>rovement, by modification of the structure of tk 
common engine, is much less than it is here shown to be. 

The direction in which further improvement must take place in tb 
standard type of engine, is plainly that which shall most efBciendj 
check losses by internal condensation and re-evaporation bj tin 
transfer of heat to and from the metal of the steam cylinder. The 
condensation of steam doing work is evidently not a disadvantage 
but, on the contrary, n decided advantage. 

To secure this vitally important economy, it is advisable to 
some practicable method of lining the cylinder with a non-cond 
ing material.^ The loss will also he reduced by increasing the S| 
of rotation and velocity of piston. Where no effectual means 
be found of preventing contact of the steam with a good absorbent 
and conductor of heat, it will be found best to sacrifice some of the 
efliciency due to the change of state of the vapor, by superheating it 
and sending it into the cylinder at a temperature considerably e^ 
ceeding that of saturation. With low steam and slowly moving p*" 
tons, it is better to pursue the latter course than to attempt t* 
increase the efficiency of the engine by greater expansion. 

Increasing steam pressure and expanding to a greater extent *"* 
I'ive theoretically slightly increased economy. Repeating thecalcnl*" 
tion made above, using as constants the temperature, volumes anA 
pressures of steam entering the cylinder at 250 pounds, and expaD** 
ing down to the same point, it will be found that the gain in ^*^' 
ciency is but a few per cent. It is not in that direction, therefo^®' 

» This I'bni \\:i< !i<lo|if»>'l liy ^^llU':lt^Hl, in ('•mstructin':: NeweonuMi cnpiiios a cei^*-" • 
nern. SiiH':ii«>n usr«l wuu'l -111 lii> iii^ions. W:UMrir'l woinl ns rt iniilorial for Hl^ 
cvHn<l«'i' lininj:>. Thni imiU'riMl is i-m lu'rislinltlo :it tompernturos now common- * 
no MK'ial \\i\^ yv\ boon sultsiiiuicl, «)r vwu (lisc«»vi*n'«l, Avhiuh answers the s**^ 
p\irpo>.c. 
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) to look for important improvement in the use of tbe 
pe of engine. There seems no alternative but to attempt 
into an engine of our new Type B, and look for the dis- 
1 efficient non-conducting lining material which shall enable 
le, probably, thirty per cent, of heat supplied which is trans- 
e condenser by internal condensation and re-evaporation. 

-The question whether such an engine as that which has 
described as type B can be made practically successful, 
e answered after careful and intelligent experimental in- 
The advantages promised by the results of theoretical 
n, will be greatly modified by conditions unavoidably intro- 
le construction and operation of the machine. Some of 
tions may be anticipated, and their effect upon the efficiency 
le success of the engine in other respects may be indicated 
. It is even possible that a rough approximation may be 
imating its real practical value. 

ntial requisites of a successful type of engine are : safety ; 
iurability ; simplicity ; compactness, and a moderate first 

lay always be secured by intelligent design, good material 
lanship, and skilful management. The new type is 
dly liable to objection on the score of danger, except 
it may prove essential to its success to work at ex- 
high pressures; but as pressures of 1000 and 2000 
re controlled without accident, forty years ago, by Per- 
by Albans, it is not to be anticipated that danger 
arily be incurred at pressures far exceeding those in 
to-day, yet far within the limit already attained. The 
of the engine will also be determined by the same condi- 
safcty, and is to be assured in the same manner. The 
omy to be secured by its adoption is largely determined by 
ich it may be found necessary to give it ; for its losses will 
wholly due to friction. In simplicity, it is not likely to 
ith the common engine, since it must be fitted with some 
'or compressing the steam to be returned to the boiler. It 
obable, however, that the new type may be yet given a form 
may compete nearly as successfully, in this respect, with 
ry engine as has the compound type of the latter with the 

3. 
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To determine the probable size of the engine of Type B, it needonlj 
be remembered that, as it must expend, in returning to the boiler its un- 
utilized heat, a proportion, 1 — J?, of the power produced at eachstroke, 
it must, when running at the same speed, work off a greater volameof 
steam in doing the same work, in the proportion I-7- £ : 1. Bat the 
larger engine will be subjected to frictional resistances which willbi 
similarly increased, and this, in turn, will exaggerate the sizeof engiv 
and the losses of eiKciency. Replacing an engine of the old fono, 
having an efliciency of 20 per cent., by an engine of the new tjpe,it 
will be necessary to cither make the latter of five times the pistoi 
displacement of the former, per stroke, or to run the new engine it 
five times the speed of piston of the old. It should be the endwvor 
to make the change in the last named of the two ways, not only as a 
matter of economy of first cost, but as a means of reducing losses of 
pressure by internal condensation and re-evaporation. It is evident 
that such losses of pressure do not affect the estimated economy of tie 
engine, since, however much heat is thus caused to be rejected froa 
the cylinder, it is all saved and restored. The higher the steam prtf- 
sure used, and the higher the efficiency due to increase in the amoat 
of heat converted into work, the more favorable do the actual coni' .] 
tions of use become to the new engine. 

Assuming an engine of the j>roposed typo to have an estimited 
efficiency of fluid of 50 per cent., it must be made, at the same piston 
speed, twice the size of the engine of the common form. To allot 
for increased frictional and other losses, an addition in enlargement 
of probably 25 per cent, must be calculated upon. The theoretical 
cost of ihe horse-power will bo about 5 pounds of steam per hoar. 
The losses of heat by conduction ancl radiation, which, in the common 
engine, may be taken as 10 per cent, as a maximum, will become 20 
per fent., and will bring up the consumption of steam to 6 pounds p*' 
horse-power developed in the cylinder. The resistance due tofrictioDi 
which may also be taken at 10 percent., will be doubled also, and in** 
will raise the expenditure of steam to above 7 pounds. We may tak© 
as the probable consumption of heat in such an engine, per houran<* 
per horse power, very nearly 8000 I>ritish thermal units. ^^^^^ 
good boilers, this will call for the combustion of about three-quarters? 
or four-fifths, of a pound of good fuel — about one-third ihe amoun^ 
demanded by the very best engines ever built for transatlantic stcaO*' 
ers, and one-quarter as much as is usually consumed with very 
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marine engines of the now popular compound type. But the 
age to be secured by the adoption of this type becomes greater 
igher pressures, and will therefore be likely to appear greater 
•eater continually. With what would now be thought exceed- 
high steam, and with vastly increased piston speeds, such as 
most certainly be adopted in the future, the new type will ap- 

very much more promising plan than it now does. 

now standard engine drives a steamship across the Atlantic 
I consumption of 1000 tons of coal ; the new engine should do 
ne work on 250 tons. It should occupy but little more avail- 
)ace in the ship, but would weigh twice as much unless the piston 
were correspondingly increased. The greater weight of engine 
be vastly more than counterbalanced, however, by the reduction 
3e and weight devoted to boilers and coal-bunkers, to one-third 
-fourth their present capacity. If this type of engine should 
to be available with steam pressures that are soon to be found 
J controllable, it is certain that it will be even more advanta- 
for marine purposes than for use on land, where these reductions 
ce and weight are of less importance. Even its application to 
)tives would not be thought impossible. 

IV. — Several engines of this type have been planned by the 
, in all of which the rejected heat is returned to the boiler.* 
J expert mechanical engineer will readily devise many methods 
lich the standard forms of steam engine may be modified and 
ted either into illustrations of this Type B, or into engines of 
2, in which the rejected heat is very nearly all restored to the 
When this possible "engine of the future" is likely to be 
uced, if at all, can be scarcely even conjectured. It seems evi- 
bat its success is to be secured, if its introduction is attempted, 
J adoption of high steam pressures, of great piston speeds, by 
md skill in design, by the use of exceptionally excellent mate- 
)f construction, and by great perfection of workmanship and 
;ence in its management. There seems no tangible obstacle to 
reduction ; but engineers who have seen the slow progress of the 



idea first suggested itself to the mind of tlie writer in 1858-0, when at Brown 
ity, and while designing a peculiar fonn of '♦ drop cut-otf engine." which was 
d to work with exceptional economy. The plans then conceive<l have gradu- 
umed a different shape, but still embody the essential principles here outlined. 
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compound engine and of surface condensation in marine construction 
will anticipate no very rapid pro;^ress here. 

Experiment and experience will probably lead gradually to the 
general and safe employment of greatly increased steam pressures 
and very greatly increased piston speeds, and will ultimately reveal 
and remove all those difficulties which must invariably be expected to 
be met here, as in all other attempts to effect radical changes, howeref 
important they may be. We are continually learning that the use of 
steam as a medium for transformation of heat into mechanical euergr 
is more advantageous than it had been supposed. The corrected esti- 
mates of the efliciency of the steam engine given above, show it to be 
capable of far more perfect utilization than generally accepted author- 
ities had supposed possible. It is not improbable that even these 
estimates give a very inadequate idea of the true efficiency of the 
perfect steam engine. We know almost nothing of the physical proper- 
ties of steam which are mostl v concerned in its utilization in heat euj^ines 
at the high pressures which we know are attainable ; and it is impos- 
sible to say that the modifications of specific heat and of pressures at 
such high temperatures may not be such that it may prove a vastly 
more efficient working substance for the heat engine, at such tempera- 
tures and pressures, than we are led to consider it from our knowl- 
edge of its properties at the now usual working pressures. 

Stevens Institute of Technology, 
Iloboken, N. J., April, 1877. 

Addendum. — The probability of the successful adoption of the 
type of heat engine described in the above paper, is evidently largely 
dependent : first, upon the correctness of Rankine's or of Zeuner's 
determination of the value of the exponent in Poissou's formula, 
P K*= 0; secondly, upon the possibility of obtaining a high value 
of that exponent in actual work. It is evident, that if Baukine's 
value, \l\ were correct, it would be quite out of the question to 
expect that an engine can ever be built in which the magnitude of 
the machine should be so far reduced, in proportion to power 
developed, as to insure the success of this plan. If the larger value, 
^, is correct, it is equally evident that success is possible, even if 
not extremely probable, assuming that the process of internal con- 
densation and re-evaporation may be checked. 
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The writer has received, since the above was written, a statement 
of the results of experiments upon a (juick -running portable engine 
made bj Mr. J. G. Uoadlej, to determine the value of the exponent, 
X, In that instance Mr. H. finds the value of x to be 1*247, or 
nearly \^ in an engine which was not constructed with any special 
provision for checking this kind of loss, except so far as it is reduced 
by high speed of piston and frequent reciprocation. 

This may, probably, be taken as another proof of the erroneous- 
ness of Rankine's value, and the more probable accuracy of Zenner's, 
and as indicating the possibility of, at some future time, securing a 
nearly perfect working of the steam in the cylinder, thus attaining, 
approximately, the perfect efficiency of the new type of engine. 

R. II. T. 
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Ladies and Gentlemen: 

Gentlemen of the Graduating Class : It is with sincere 
pleasure, mingled with equally sincere regret, that I fiave consented 
to address you on this last day of your appearance here as under- 
graduates, and to congratulate you on the occasion of your gradua- 
tion. 

These four years just past have been years of pleasant inter- 
course, of useful training, and of profitable study. 

You have had opportunities such as were entirely beyond the 
reach of all, but a few years ago, and such as but very few can 
obtain to-day. You have taken full advantage of your good- 
fortune ; you have utilized these opportunities in the best possible 
manner, and are now prepared to take leave of your instructors and 
your college mates, and to go out into active business life. 

An occasion like this is always one of great interest, not only 
to you who are about going forth into the world, but to us, your 
friends, who have already had some experience of its toil and its 
pleasures, its responsibilities and its rewards, and who can, there- 
fore, share in your excitement and sympathize in all those emotions 
which are awakened in the breasts of young men ambitious and 
determined, well trained and educated, as they approach this great 
turning-point, and realize what duties and what opportunities lie 
before them. 

The methods of education which have been adopted in your 
preliminary training are in some respects peculiar, and the facilities 
for attaining that object have been exceptional. That object itself 



is not precisely that sought in other colleges. While seeking 
secure to the student that retentive memory, that power of obser^^^-' 
tion, and that habit of concentration which are essential to mer^ '^ 
and intellectual development, and while never forgetting the gt^ 
object of all education — the attainment of correct habits of thou 
of the power of logical deduction, of a sound judgment, and 
knowledge, full and accurate, of history and philosophy, of 
gua^i;es, and of the mathematical and physical sciences, the ciil 
tion of ilie mind and the acquisition of knowledge for its own 
— with all tliis it has been the design of the Trustees of the Sti 
Institutk or Tkchnolocv to unite, in carrying out the noble 
entrusted to them, a special training in a field which is op 
widely before you, and which demands from those who labor 
an extent of preparation and a range of acquirements which, 
confident, neither they nor any of us can fully realize. 

This great field is that in which are met all of the useful a 
construction — all of those arts which assist in making up the 
rial of civilization. 

We are just beginning to learn that the sciences and the art 
not absolutely independent, that they are not in nature antagon 
but that each may, and that each must, aid the other in the acq 
ments of victories either of peace or war. Recognizing this 
and believing that, while training young men to become all tb 
expected of the scholar, it was quite possible to assi.st them at 
same lime in acquiring the rudiments of the science of that pr 
sioa which has been honored by the great men whose names a 
miliar to you who have profited by their success, this attempt 
been made to unite these requisites, and to give you an opportu 
both to become familiar with science and to learn something of 

It has been attempted to fit you to enter a splendid profess 
acquainted wii'n all of those branches which are the essential iti 
rials of a foundation u[)on which it remains for you to 
superstructure which shall le an edifice as noble in magnitudc^ 
exact in proportions, as graceful in form, as beautiful in its ad^^ 
ments, and as great in its value to yourself and to the world, as f 
own talent, industry, i ntegrity- , and ambition shall make it. 

You j^raduate not only with a parchment certificate of y 
ability to enter one of the most important, most lucrative, and W 
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^'^orable of the professions, but with much else that is essential to 
'^^Ho aspire to become wise men and useful citizens. 

ou have been enabled to acquire an unusually extended know- 



^S^ of Mathematics — that oldest of the sciences, which had its 
Six>. in prehistoric times among the earliest Asiatic civilizations — 
^^ science which had its first known expounder in the old Hindoo, 
^>"a Bhatta. 



ou came to us from the schools with just that knowledge of 
^ ^"^Viematics which placed you beside the ancient Greeks and the 



ians of two thousand years ago. Euclid was your preceptor in 
^^TTietry, and Diophantus was your antecedent in algebra. Under 
^ instruction of your genial teacher, you have become familiar 
^"^Ai the fame and with the splendid work of those great men : 
*^Tdan and Partalea; Descartes; Lagrange and Euler ; Gauss; 
orner; Sturm and Leibnitz; Bernouilli ; Newton; and Laplace. 
Ou have discussed Galileo's theories, Hooker's ingenious prob- 
^nas, and Navier's classic discussions and elegant hypotheses. The 
Barnes of Adams and Leverrier, De Morgan and Pcirce, suggest to 
70U possibilities which awaken your noblest aspirations. 

You have been taught here, not only a course of pure mathe- 
matics, such as was formerly prized principally for the mental train- 
ing which it gave, but you have been led to make useful applications 
to those problems of practical, every-day life and work which, while 
no less valuable as intellectual gymnastics, give development to 
good common-sense, and which assist to make the man as symmetri- 
cal as the gymnast and as skilful as the world's best workers. You 
have not only been given a set of useful tools, but you have been 
shown how to handle them. 

But the greatest value of these acquirements, as aiding you pro- 
fessionally, will be seen later in life, when, after years perhaps of 
hard work and of severe competition, you may have arrived at the 
height of professional practice, and when you will begin to meet with 
those exceptional problems difficult of solution by all, and soluble 
by very few. 

It is then that you will see most plainly the advantages of this 
early and extended preparation, and will learn that success in these 
exceptional cases may make you leading men in your profession. 
Vou will find multitudes doing ordinary work well ; but. between 



the leaders, success in competition is won by overcoming great an 
rare obstacles. 

Great fields of application lie before you in the new, and 
yet undeveloped, science of Thermodynamics, and in its applicatic 
to the theory of heat-engines and to practical problems of inestima 
importance. Those of your comrades who have preceded you h 
shown you where to look for them. 

With you, the investigation of the minor, yet inconceivably fr 
ful, principles of this science will be an interesting field of resea 
With these, and with the various problems in civil construe* 
and in naval architcctnre, and the art and material of war, as wel 
in all branches of engineering which lie open to you, tk 
is ample opportunity to apply all the knowledge that you r 
ever acquire of this Science of the Exact Sciences. Do not, th 
fore, stop at the threshold of this temple, but go forward and exp 
it as far ami as thorougldy as opportunity and ability will permits 

In the laboratory you have pursued the study of Chemis 
This, dry and unattractive as it is to some minds, is nevertht 
one of the most beautiful and most wonderful, as well as most 
portant, of the physical sciences. It is one which presents, 
countless beautiful experiments, phenomena of the most inten 
interesting character. 

You have become practically accjuainted by daily contact w 
this venerable science, born of mystery and nursed by those strain 
old alchemists, Albertus Magnus, Geber, and that wonderful m 
Roger Bacon. By your own work in the laboratory^ you ha 
learned to appreciate the magnificent achievements of Scheele ai 
Lavoisier, of Boyle and Priestley, and of all their numerous succes 
ors. Vuu will have frequent occasion to apply your knowledge 
this science, and to put in practice that adroitness in manipulatio- 
which you have here acquired while following in this path your ski 
ful instructor, and while studying the latest work of Wohler an 
Deville, of Frankland and Calvert, of Bunsen, Liebig, and Wurtz 
and of Draper and Gibbs. 

Metallurgy offers you a score of attractive fields for its applica 
tion and for study and most valuable research, and in every art its 
value is becoming fully recognized. This field has been fairly opened 
by the technical chemist and by those who have distinguished them- 







elves in pure research. New materials, new processes, and new 
ndustries are continually being created by the students of this beau- 
iful science. You will be sometimes called upon to examine them 
n the course of professional practice. When this occurs, study the 
ubject cautiously, critically, and thoroughly, deceiving neither your- 
elf nor your client. 

That later science, Physics, or Natural Philosophy — I like the 
>ld name best — has been opened to you with all the completeness that 
hese collections of delicate and wonder-working apparatus and the 
unowledge and skill of your accomplished preceptors could secure. 
The beautiful phenomena of Optics have become familiar to you 
>y frequent observation ; and their occasional exhibition in this hall 
>n a grander scale has assisted to impress upon you their character- 
sties. Beginning with the simplest principles known to the Arabian 
■)hilosopher, Alhazen, and to the Egyptian, Ptolemy, you have 
advanced those stages of progress which were marked by the works 
Df Bacon, Brewster, and Young, the discoveries of Kepler and Biot, 
Df Huyghens and Frauenhofer, learning the principles analytically 
sxpresse<I by Newton and Descartes. You have reviewed those 
ater discoveries of the astonishing applications of the beautiful pro- 
perties of the spectrum, and have seen them illustrated in the re- 
searches of Kirchhoflfand Bunsen, and of Huggins and Miller, and 
Df our own Professor Young. You have yourselves read, in a ray 
of light, the composition of a complex metallic alloy, and of the 
salts of every kind collected in the laboratory of our President, and 
you have, in the same curious way, seen the constitution determined 
of the sun and the farthest stars. 

When Gilbert wrote his *' De Magnete," two and three-quarters 
centuries ago, he was a more learned electrician and knew more of 
magnetism — I am sure, for I remember catechising you — than were 
some of you wlio are about to leave us, when you came to us 
four years ago. You now have repeated the rude experiments of 
Otto Guericke and of Dufiiy ; and the simple demonstration, made 
by Franklin a century and a quarter ago, of the identity of the elec- 
tricity of the lecture-room with the " fire of heaven," is a familiar 
legend. The theories of Dufay, of Coulomb, and of Ampere, the 
labors of Humboldt, and the discoveries of Oersted, Volta's 
invention, the apj)aratus of Wheatstone, and that splendid 



triumph of mind over matter which lias also made the name 
of Morse famous — these arc all, in your minds, suggestions fruit- 
ful of reminiscences of the achievements of the past, and remind- 
ers of worlds yet remaining to be conquered. In this depart- 
ment of knowletlge Faraday followed Sir Humphry Davy, and 
Tyndall is still at work earning fresh laurels. You have been fairly 
inducted here. Why need you stop at tlie entrance to this beautiful 
and attractive path ? Those of you who propose to j)ractise in that 
division of the province of mechanical engineering will find the 
fullest opportunity to exercise your acquirements as physicists in the 
application of Thermotics. 'Die sciences of heat and of the chemico- 
I)hysical phenomena of evaporation and combustion and of thermo- 
dynamics will find daily application in your work, which affords a field, 
not only for the use of that theoretical knowledge obtained from the 
text-books, but for the exercise of all that familiarity with the laws 
and the facts of the sciences which is secured by actual manipula- 
tion and personal attention. They will demand such methods as 
you have practised in the Physical Laboratory, where you were not 
simply told how the thing was done, but were shown how to do it 
for yourself. The design and construction of heat engines, the 
study of special applications of thermotic principles, and, sometimes, 
their theoretical investigation, are now the occasional tasks of the 
engineer, and may, after a time, become yours. They are every 
day arising more frequently and assuming higher importance. 
The work of Clausius and Thompson and Kankine is simply pre- 
paratory to an immense variety of useful applications, which you 
may sooner or later be called upon to make. 

The study of Modern Langua(;ks has pleasantly varied your 
course. No engineer, whether young or old, whether just entering 
the profession or in the midst of most engrossing j»raclice, can fail 
to find a knowlcilge of the principal European languages of great 
value i)rofessionally, and extremely desirable as an accomplishment. 
To you the great literatures of France and of Germany, with their 
stores of f;ict and of fable, of historv and of belles-lettres, have been 
revealed. You have been prepared to make your own all of those 
splendid treasures of scientific learning which have so long enriched 
the French, and all of the inestimably valuable literature of engi- 
neering of which German literature is now so prolific. The wild 
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^pic which recounts the fate of Siegfried and Kriemhild and of all 
the Nibelungen chiefs; the dignified poems of Goethe; the lovely 
verses of Schiller, whose " Song of the Bell " indicates his familiarity 
"with our craft ; those grand philosophies which rise above all atheistic 
speculations — these are all accessible to you. The purely scientific 
and technical works of Weisbach, Reauleaux, and Grashof are 
placed before you. Side by side with all these are the sweet songs 
-of the Troubadours and the Trouveres, the philosophy of Pascal, 
the rich dramas of Racine, the ])leasing romances of Madame de 
-Stael and of Chateaubriand, the strange stories of Victor Hugo and 
of Jules Verne, and all the less attractive, perhaps, but more practi- 
cally useful professional memoirs of Navier and Morin, of Claudel 
-and Poncelet and Tresca. In both languages, as in the English, 
you will lind the periodical literature most immediately useful, as 
firesenting you with the latest discoveries, the subjects of most direct 
importance, and the views of contemporary authorities. 

Your studies of History and of English Literature and Lan- 
-ouage have been by no means the least important part of this pre- 
paratory training. This branch of your education is not only neces- 
sary, as of frequent use, but it is a most satisfactory and thoroughly 
enjoyable portion of your knowledge. While studying the history of 
•civilization, and making a retrospect of the growth of nations and 
of the development of races, you have traced the rise and progress 
of religious beliefs, and have seen the evidence of their essential in- 
•fluence — even of the crudest of the earlier systems — in assisting the 
advancement of mankind, intellectually and even physically, as well 
as morally, and in promoting that higher humanity which stands 
next to divinity and religion. You have watched with Gibbon and 
Macaulay and Hallam the rise and fall of older empires, and with 
Bancroft and Prescott and Carlvie and Buckle and Motlev have 
ieen the ebb and flow, with political changes, of all human know- 
edge and intelligence. From Whewell you have learned iiow the 
nductive sciences had their origin, by whom they were nurtured, 
Xnd by whom most nearly perfected. You have followed their de- 
W'elopment from the earliest times, and have seen how the Hindoos, 
the Chinese, the Assyrians and Phoenicians, the Egyptians and the 
Oreeks, the Romans and their modern successors among European 
nations, one after anotlier, in turn, took up the standard, and, bear- 
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ing it bravely a few centuries, gradually lost strength and vitality as 
they j)assed the epoch of maturity, and finally dropped it into 
younger and stronger hands, while they relapsed into sometimes 
even darker barbarism than that from which they first emerged. 
Now you are coming up to assist a later and more favored people — 
the Eclectic Nation — in sustaining and advancing it in its turn, 
and in the still nobler work of casting our light back upon those 
who have fallen behind us, revealing to now less privileged nations 
the glorious fruits of their earlier efforts. Your knowledge of Eng- 
lish literature will prove through life a never-failing well-spring of 
pleasure. Gower and Chaucer will entertain you with their quaint 
old English. Shakspere*s kaleidoscopic plays, consummate in art^ 
ennobling in sentiment, rich in incident, instructive in matter and 
fascinating in manner, wonderful in delineation of character, in their 
luxuriance of imagery, and in their graceful diction, unrivalled in 
any literature, will never, for you, lose their interest. Milton, blind 
to the external world, has laid before you his sublime visions of the 
invisible, and the magnificent strains in which he sings of the " Fall 
of Man " and of " Paradise Regained" contrast so strongly with the 
familiar styles of Dryden and Pope, of Addison, Scott, and Southey, 
and the host of writers of every character whose names are hardly 
less well known, that you will sometimes turn to his old, but still 
honored, pages when lighter literature fails to satisfy you. Our own 
American literature, now so rich and varied, so thoroughly charac- 
teristic, will afford you a full share of enjoyment and of profitable 
occupation. The finished style of Hamilton, the eloquence oi 
Webster, and the polished orations of Everett, the plain, common- 
sense writings of Franklin, the elegant essays and tales of Irving, 
the thoughtful writings of Griswold and Lowell and of Wayland 
and Emerson, the nautical tales and Indian stories of Cooper, the 
poems of Halleck, Drake, Willis, Longfellow, Whittier, and Br)'ant,— 
and of many others scarcely less famous, will give choice of com— 
panionship to suit every mood, and will offer a pleasant occupatioi^ 
for every hour that you can spare from business. These studies^ 
however, are by no means to be regarded as giving you purely 
ornamental accomj)lishments, or as furnishing only entertainment: 
for hours of leisure. You will have daily occasion to apply then* 
usefully. Tlie power thus acquired of expressing thought, and otf" 



stating facts with elegance, precision, and conciseness, is an import- 
£int element of an engineer's success. A report made to a client,. 
"worded carelessly, expressed in vague terms and with orthography 
anot beyond criticism, sometimes casts a dark shade over the profes* 
^ional reputation of a really talented, experienced, and reliable 
Mman. A specification so drawn as to be capable of double inter- 
^iretation may subject one or both of the parties to the contract 
to serious annoyance or to great loss of time and money. You 
'ill have no excuse for such errors, and I am pleased to be able to 
jay that I believe that you will not be compelled to plead to such 
m indictment. 

You have given a large part of your time, during these four years 
>f study, to the acquirement of a knowledge of the principles of Engi- 
:^fEERiNGand to the practice of the arts which are of daily aj)plication 
in the practice of the profession. You have, from the beginning of 
;^our course, studied the theory of the graphic art and the geometry 
^)t machinery. You have spent such an amount of time in the 
<lrawing-rooni, copying well-known plans, and designing new forms 
of mechanism, that you have become familiar with every principle 
of common application in graphic construction, and with every de- 
tail of ordinary draughtsman's work. You will find this skill in 
sketching your plans, in making accurate drawings, and in reading 
the drawings of others, of daily use and of incalculable value to you. 
^Vithout this power of comprehending plans existing only on paper, 
you would be absolutely crippled in your efforts to advance your- 
selves. Without the ability to sketch rapidly and draw readily and 
accurately, you would have the greatest difficulty in securing the 
prompt and thorough working of your own schemes. You have 
mastered the fundamental principles of applied mechanics and 
of mechanical construction, and have become acquainted with 
the nature and uses of the materials with which you are to- 
work. You can, I presume, make a stronger lever of a built 
beam than could Archimedes. You have learned here probably 
almost as much of the characteristics of cast-iron as had Tel- 
ford or Tredgold after years of professional practice. Fairbnirn's 
lifetime of experiment and Kirkaldy's extensive researches 
have made you acquainted with the peculiarities of the malleable 
metals, and our own experiments have helped to impress old ideas 
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and newly discovered facts uj)on your memories. Tlie inventions 
ofCortand Neilson, and their important consequences in stimulat- 
ing industry, and tlie splendid invention of our countr\man Kelly 
and his British associate Bessemer, and the details of their discovery 
of a new metal and a new i)rocess, and the almost equally interest- 
ing and beautiful apj)aratus and process devised by Siemens, with 
their wonderful influence upon tiie development of the mineral re- 
sources and of every industry in all countries, are to you twice-told, 
but not the less interesting, tales. 'I'he growth of the mechanic aiis 
oinder the stimulus of increasing intelligence and of awakened ambi- 
tion as civilization has advanced, and the vast strides made during the 
past century, as invention has followed invention with ever-increas- 
ing frequency, have been studied with an interest that was quick- 
ened by the knowledge that the next few decades may see even 
greater wonders accomplished, and that to you, as well as to any 
other, it is possible that the honor may be accorded of worthily suc- 
ceeding the great inventors ar.d constructors of preceding genera- 
tions. The water-wheel, the mariner's compass, gunpowder and 
nitro-glycerine, the telegraph, the chronometer, the steam-engine, 
the printing-press, the spinning-frame and the loom, and a thousand 
other inventions, seem already perfected. Yet, some one, whether 
man of science or working mechanic or educated engineer, none 
can tell, will yet rival Fourneyron, and give us better turbines, will 
find a means of giving us safety in navigating iron ships, will excel 
Frodsham in making accurate timekeepers, will give us better print- 
ing-presses, will supersede the spinning-frame and the loom, and will 
earn a greater fame than Watt by giving us, in some new motor, a 
means of approaching that theoretical efficiency to which no heat- 
engine has approximated. A greater than Fulton or Stevens oi 
-Stephenson will perhaps yet accomplish the last and only unfulfilled- 
j^art of the prophecy made a century ago by Darwin : 

" Soon shall thy arm, Unconquerkd Steam ! afar 
Drag the slow barge, or drive the rapid car ; 
Or, on wide waving wings expanded, bear 
The Hying chariot through the fields of air ; 
Fair crews, triumphant, leaning from above, 
Shall wave their tiuiiering kerchiefs as iliey move, 
Or warrior-bands alarm the gaping crowd. 
And armies shrink beneath the shadowv clou J." 
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Who has greater reason to aspire to fame and fortune in these 

:oming years of such noble competition than have you ? The de- 

" elopment of the natural resources of this broad land of ours will 

Lfford ample opportunity for the application of your knowledge and 

lie practice of your art, and for the emi)loyment of every facul- 

y^ natural or acquired, that you may possess, and in wliatever way 

-our inclination may prompt, and to any extent that ambition may 

rge, and that your strength and endurance may permit. Take hold 

f the work which offers itself, never standing idle waiting for 

oniething more perfectly satisfactory, and do the work as promptly 

nd skilfully as possible, and you will ultimately find that no man 

eed complain that opportunities do not present themselves. 

You have completed this course of study. You liave prepared 
ourselves to go out into the great field of business life. You have 
cquired a fund of information such as best fits you for life's work 
nd to enjoy life's truest pleasures. You have learned to observe. 
u have acquired habits of study. You have a well-trained and 
'xvell-b'alanced judgment. You are ready to go forth and — to be^in to 
^eam. You stand at the foot of the ladder, in the midst of a crowd 
^)f other men, all seeking to ascend, and many, I regret to say, ready 
^o advance themselves by throwing others down. You possess im- 
mense advantages over the great mass of your competitors in your 
.^acquired knowledge, in the habits of study, of acute observation, 
-and of logical deduction which this education has given you. Your 
•competitors possess the advantages of training in the rough school 
of the world, of a knowledge of men, of business methods, and of 
the rights and the wrongs of daily experience. They have had 
hard knocks and become callous, or have learned by dint of long 
practice, and by natural tact frequently, to evade them, and to push 
on without giving a thought to their scars. They will have the 
advantage of you at first, for these experiences are essential to early 
success. They may smile at your book-knowledge, and may some- 
times even deride your more precise methods and scientific ways ; 
but — BIDE YOUR TIME ! Make yourselves masters of all the accom- 
plishments, and seek to acquire all of the knowledge, of these rough- 
and-ready but untaught competitors, never refusing to give them 
a liberal reward from your own stores of information, should they 
ask it. You can afford to be patient, for this very training has fitted 
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you to learn, even in their school. Be not obtrusive of your own 
knowledge, and never lose an opportunity to profit by their expe- 
rience. Soon you will be able to command their respect, and it 
will be your own fault if you do not gain their esteem, and obtain 
from them cheerfully rendered and most substantial aid. 

Finally, familiar with the usual methods, the practical details^ ^^s, 
and the every-day customs of the business, and possessing, besides, ^^-s, 
this splendid reserve of professional knowledge and of scientific:r:> .r^c 
and general education, you will find yourselves prepared to com — -^Tni- 
pete for the noblest prizes offered to your profession. 

Remember who have preceded you : Archimedes, whose lever wa^ ms, -as 
to have moved the world — whose lever does move a world of in- .stk in- 
dustry ; Michael Angelo and Leonardo da Vinci, painters and archi-^.c-Jhi- 
tects, as well as engineers ; Stevinus of Bruges, the greatest of his time-^> .cjie, 
a scientific man as well as an engineer ; Galileo, whose fame as s. s a 
philosopher should not be permitted to hide his connection with oui-K-rour 
profession as a teacher of mechanical principles; James Watt, th^ i'f^he 
greatest mechanical engineer of the last century, who made hisx-^r^liis 
greater inventions sequels to scientific study and experimentajs :3' Jtal 
research ; the Stephensons, the Rennies, the Brunels, Telford ano cji -and 
Smeaton ; Napier and Elder ; Maudsley and Penn ; Ilankine, tha.^ ^fhat 
great representative of a class of which we expect some of you to be^»<Jbe- 
come exponents ; — all of these, in the Old World, are your predecess-^ — cs- 
sors. In our own country, Benjamin Thompson, who became Coun^i «-runt 
Rumford, John Fitch, Oliver Evans, Fulton, and our own Stevens ck —"s, 
whose sons so nobly sustained the fame of their father, Roeblin^. ^* ^Sr 
our adopted fellow-citizen Ericsson, Sickles, Hoe, Allen, and man^ ^^ ^^Y 
others, have attained distinction, and their fame rises before you t»^ ^^ 
stimulate a noble ambition and to encourage you to never-flaggini, ^^ ^g 
efforts. Remember that the opportunities which are opened to yor ^ — ^^^ 
and to those who are to succeed you, are far more numerous thai^ -^^/> 
those which, grasped promptly and followed up determinedly b^ ^^y 
these great men, gave them fame and fortune ; and the problem ^^ 
which it will fall to your lot to attack are likely to be no less impor- ^ 
tant, no less difficult, and no less remunerative in reputation anc::^ 
pecuniary recompense, than those which gave to Newton and Raa ' 
kine their fame, or to Watt and Stephenson, Telford and BruneU 
that professional reputation, which they share with our own great 
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Duntrymen. The field is ever widening, and the work is of ever- 
icreasing magnitude. Emulate those great pioneers, and you may 
el full confidence of rich reward. 

I^ever lose an opportunity. Men rarely succeed in life who are 
eglectful of opportunities, and, in nearly all cases, those who are 
iccessful can count upon their fingers the several occasions which 
Tilled the turning-points at which, seizing an opportunity that other 
en niiglit have overlooked or neglected, they chose the path which 
d to their final success. Many men possess ability, intellectual 
id physical, but yet the number who may achieve high positions is 
nail. It is the taking advantage of these rare opportunities, which, 
iiobserved by the careless or the obtuse, are seized upon at the 
ght moment and in the right manner by the watchful and the 
3Ute, that usually secures most rapid advancement. Life is short ; 
reat opportunities are rare ; therefor^, make it a principle never to 
eglect one, whether small or great; seize it promptly, and make 
le most of it. 

Endeavor to keep '* two strings to your bow,^^ However much en- 
rossed mih. the work in hand, however secure apparently your 
osiiion, however satisfactory your location, keep the fact in mind 
lat life is full of unexpected vicissitudes. Spare an occasional 
lought to provision against loss of position, failure of business, or 
ompulsory change of location. Do your work so well that you 
lay feel certain that your employer or your clients cannot aftbrd to 
.ispense with your services, and allow none of those about you to 
xcel you. Yet be, at all times, prepared to make a new start, with 
onfiilence in yourself and your accumulated resources, should every- 
hing fail you. To ensure this, do your work better than can those 
vho niaj' aspire to your position. Have a specialty in which none 
:an compete with you. Be always on the alert to make acquaint- 
mces among those whose character, position, and disposition may 
inable them to assist you when you find yourselves in need of as- 
sistance. Always assist your friends and deserving acquaintances 
leariily and actively. You will thus gain the approval of your own 
:onscience, and will place a strong anchor to windward. The 
strongest man is weaker than a child if alone in the world without 
friends, and few men can say that they do not owe much of such 
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sut:cess as they may have attained to tlie aid and countenance 
good frien<ls. 

Efhitavor to hfconie iJioron^hly acquainted with the principles an 
with all the details of the practice of those trades which are au3 
iHary to the profession of Mechanical Kngineering. Ability t 
calculate tiie proj)er sizes of [)arts, to determine proportions, 
even to produce nent and effective designs, is of coraparativeC" 
little service if you cannot follow your design through the worK 
shops, and indicate every step, from the first blow of the blaci" 
smith's hammer or the first cut of the pattern-maker's chisel fc* 
the finish given each piece and the "assembling" of all pam 
in the erecting-shop. Do not feel satisfied until you can t 
the pattern-makers how to make your pattern, the moulder how 
mould it, and the founder of what mixture of metals you wish t 
casting made ; until you can tell the blacksmith where to use t 
best and where to ])]ace the cheapest iron, and how to make 
scarfs and welds, and how to preserve the fibre of the iron un 
jured ; until you can instruct an unskilful boiler-maker in the scU 
tion of his plate and in testing it, in the spacing of rivets and in 
welding of a seam or the turning of a flange. Do not rest u 
you can take every piece of your machine as it comes from 
foundry or the blacksmith's or coppersmith's shop, and fit it to 
place, j^iving it the proper finish, in the cheapest, quickest, and 
accurate manner. All this will recjuire time, patience, and pei^ '^sc- 
verance, keen observation, a good memory, and a certain amo ^K^unt 
of actual practice to bring out that natural sleight, that niechan .^cnics 
"knack," that no eniiineer in successful practice often lacks. 

/// ^/r>/>/(; your work, strive to earn a perfect self-appro*^ ^'^^» 
Whatever the pecuniary consideration, let no task be profioun^^ ^'C<' 
done until you can feel that it is as well done as the opporti— — "''• 
ties offered and your own abilities make possible. Endea *'or 
to make every piece of professional work of such character t ^^^ 
you may feel conscious that it is creditable, and that you i*-'^^/ 
always look back upon it with a comfortable sense of h '^^' 
ing done your very best to make it worthy of a good engin ^^^ 
and a credit to the profession. From first to last, work as if y<^^^ 
sole object were to acquire a reputation for good w:ork and ^^ 
assume a leading place in your profession. You may then fc?^' 
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^ X^^rfect confidence that, if you earnestly seek to acquire and if 

^^^^'J. carefully ciierish such a reputation for good work, honest deal- 

^*^S^ professional skill, and general intelligence, your reputation will 

very sure, in turn, to take care of you and to bring you compe-. 

■"^ce, and perhaps wealth. You will, at least, certainly attain ihat 

^'^"^ich is better than wealth — self-respect, a quiet conscience, and 

^ri^ regard of all who may be brought into intimate relations with 

And you will do your share in the work of making the extrava- 
gant words of Carlyle inapplicable here. You may remember where, 
^ti a published letter, he is said to have remarked: 

" What a contrast between now and, say, only one hundred 
i^ears ago! At the latter date — or, still more conspicuously, for 
^ges before it — all England awoke to its work with an invocation 
Xo the Eternal Maker to bless them in their day's labor and help 
them to do it well. Now, all P^ngland — shopkeepers, workmen, all 
manner of competing laborers — awaken as if it were with an un- 
spoken but heartfelt prayer to Beelzebub, * Oh ! help us, thou great 
lord of shoddy, adulteration, and malfeasance, to do our work with 
the maximum of slimness, swiftness, profit, and mendacity; for the 
devil's sake. Amen.' " 

This seems absurd extravagance, yet there is too much truth 
in it. But I believe that the world moves forward — never back- 
ward — and that we are continually approaching better days. 'I'ake 
for your mono, " J^or/i/^r, Ji'Mi/er, /e/ici/^r" and, doing your duty 
bravely, faithfully, and successfully, others will profit by your good 
example, and you will help us all onward while earning your own 
recompense. 

Make the most of your resources. The greatest skill is frequently 
exhibited by the engineer in doing inexpensive work. In some cases 
the production of elaborate designs and graceful forms, the use of 
the best materials, and the employment of fine workmanship and 
the adoption of a beautiful finish, are not only allowable but incum- 
bent upon you, and such construction is at once truly economical 
and most creditable. In other instances, the highest art is shown 
in accomplishing a given object at the least expense compatible with 
safety. Even rude devices, cheap materials, rough workmanship, 
and entire absence of ornament and finish, are evidences, at times, 



of the ability of the engineer to accommodate himself to circum — 
stances and to accomplish large results with small means. Th^ 
character of your work in this respect should be iletermined by th^ 
nature of the problem itself, by the means at hand, and by the valu» j 
of capital. Where capital is plentiful and cheap, and where la 
and good materials are plentiful and cheap, it would be inexcusabl 
to design and to construct, in important work, anything but the be^ 
work that you are able to produce, using the best material and d^ 
manding the best of workmanship. Where capital is difficult 
obtain, materials ill-supplied, and labor expensive, and where tfc^ 
structure is a temporary one, the really good engineer will pursu 
quite an opposite course. To build cheap railroads and machine 
in Great Britain, where capital is worth but four or five per ce 
per annum, and labor four or five shillings per day, as we bui! 
them in our Western and Southern States, where money costs t 
per cent, and labor is worth twice as much as abroad, would 
extremely unwise. If it were stipulated that all new roads 
the United States should be given easy grades, curves of lar 
radius, or a straight track, well ballasted, with cut-stone maso 
and iron bridges, and furnished with station-buildings and pe 
nent structures of stone and brick ; if it were prescribed that tl 
should be provided with an ample supply of the best rolling-sto 
heavy locomotives, cars fitted with all the most recent improvemer 
and with every convenience known on old and wealthy roads, 
should have no new roads, and the country would remain unc~Y4 
veloped. A machine designed for temporary use should be msici 
at the least possible cost at which it will certainly serve its purpose?". 
A machine which is expected to work well until worn out, and then to 
be replaced by another, should be made of good materials and in the 
best manner. Where it is anticipated that the machine will be 
superset led by another of improved design before it can be ex- 
pected to become useless by wear, it is a waste of means to build 
it with a view to durability simply, and regardless of expense. It is 
for this reason that the light, cheap, but equally efficient machinery 
bjilt by our mechanics for some branches of textile manufactures, 
and some of our lighter tools, are better, on the whole, than the 
heavier and more expensive machinery supplied by foreign builders. 
Improvements follow each other with such rapidity that it becomes 
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'*'* ^c^essary sometimes to throw out this finely-built machinery before 
^^ is half worn out. This difference in first cost is thus simply so 
*^"^^-ich capital thrown away. Here, as in many cases that will arise, 
^^ S.ood judgment, a strong, practical common-sense, guided by ex- 
l^^x-ience and enlightened by acquired knowledge, is your only 
*"^1 iance in determining where lies the golden mean. 

Make the interests of your client your o%vn. Let me remind you of 
^■^ ^ bad policy, of the wrong of which you would be guilty, were you 
■"-•^ any case to permit the apparent interests or the wishes of a client 
^^^ induce you to adopt a plan which your judgment, your knowledge, 
'^*-»~i<l your experience condemn. On the other hand, never permit 
^"^^^urown interests to dictate a course obviously opposed to the best 
* *^"^ ^eiests of the client who has entrusted his business to you; and 
"ver pursue a line of policy and action of which you know the 
suits will fail to meet his expectations fully in every i)articular. 
«sent to him every reason, //e? and con; explain the case fully; 
d if his interests and your own are not identical and cannot be 
rfectly harmonized, state the matter frankly and courteously, and 
cline the work. Such a course will always prove to be most cor- 
:t and most satisfactory in all respects. You will retain the esteem 
d good-will of your client, and the small, or even the large, amount 
money surrendered will have a full equivalent in the gain of a 
^ eater self-respect. 

Be guuied alivaySy but never ruled ^ by precedent, Mr. Lowe, in an 
^dress at the London University, says : 

"The man who prefers custom to law announces a principle 
"^"hich would stereotype every abuse, and substitute the blind guesses 
^^f barbarism for the clear, well-considered conclusions of a civilized 

^ge." 

And this is as true in engineering as in ethics. While it is proba- 
bly true that your fathers are wiser than their sons, it is also probably 
Xrue that they are also wiser than were your grandfathers, and that 
you will properly be expected to become at their age wiser than 
they. Therefore, be always ready to accept what seems, all things 
considered, best in principle and in practice, without a prejudice aris- 
ing from its novelty. Study newly discovered laws, and examine every 
new fact in a fair-minded sj)irit, and be ready to take full advantage 
of every evident improvement suggested to you. Respect tradi- 
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tional custom and common practice. They are probably founde 
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upon good reasons and the teachings of experience ; but be neith< 
hampered nor bHnded by them. 

Be radical in theory, but extremely corisefvative in practice, I wouK^ Hd 

warn you against too free indulgence in experimental practic g- 

Your client's money should never be risked in even the most proi 
ising of new schemes, except with the most thorough understandii^r 
on his part of the uncertainty involved, and except where you are 
fully absolved of all blame, aside from an error of judgment, in ca 
of failure. You will find men on all sides following the seducti 
paths of invention and experiment. Watch them when you ca 
Keep yourselves well informed of all such work in those directio 
in whicii improvement is desirable, and stand ready to seize a 
to utilize every proven success. Be exceedingly wary, howev 
Even the best of men have been misled by such absurdities as pe 
pelual motion and kindred schemes, ingeniously presented 
curiously disguised. The greatest deceptions are those which see 
simplest and easiest of investigation. Yet do not hesitate to embar"^*^^*'*^ 
your own means in promising experiment or in the development •- ^* 

inventions if you find yourself well able to do so; never forgi ' ^^' 

ting, however, tiiat the perfecting of a new design and the openir ^^ ^S 
of a market is usually a matter of vastly greater expense than at fii ^^^^^ 
estimated. 

Help the inventor whenever an opportunity offers to do so wil 
propriety and to do so effectively. Lend him your most effective aii 
Encourage him when his schemes appear to promise well. Nevi 
refuse to assist him in detecting fallacies or by exposing the erro 
into which his enthusiasm may have seduced him. Respect hi 
and honor him as one of a class whose services to you and to U" 
world are beyond estimate or recompense, and who are rare 
rewarded for a tithe of their freely expended time, means, a 
health. You will meet schemers, dreamers, and ignorant pretend 
every day. Do not hesitate to expose them to themselves, and, 
necessary, to the world. But, as you demand the respect of yo 
fellow- men, and expect credit for good intent and earnest attenii 
to duty, see that you yield the same respect and accord the sa 
credit to every honest inventor. Remember that he is a brother 
Savery and Newcomen, of Watt and Evans, the inventors of C-^ 
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steam-engine, a colleague of Wheatstone and Morse^ who gave us 
the telegraph, and of Stephenson, who made the railroad a daily 
convenience; that he is of the same race with Guttenberg, who 
gave us types, and of Hoe, who, with his wonderful printing-press, 
made possible the modem newspaper and that multiplication of 
books of " which there is no end." He is of the same blood with 
Arkwright, who gave us the loom, and with Howe, who responded 
to the touching " Song of the Shirt " by producing the sewing-ma- 
chine. He is one of a noble army of the truest benefactors of the 
human race. Respect the inventor, though his hand may be hard 
and soiled, his clothing worn, his manners rude, and his language ill- 
chosen. He is one whose name may be remembered long after you 
and I and all of us who pride ourselves upon fortune of birth, pro- 
perty, breeding, or education have passed away and are quite for- 
gotten. 

You will be called upon in your business and in your social life 
to meet all classes of men, and you will, like all other men, often 
serve, and will often have occasion to accept the services of others. 

In your intercourse with those whom you are to setve^ exhibit 
respect and courtesy, without unseemly deference ; be straightfor- 
ward in act and in word ; promise only what you can certainly per- 
form, and make your agreement in such definite form that no mis- 
understanding can arise, and so that each party to the bargain shall 
be distinctly bound to render an equivalent for what he receives. 

In dealing with those who render you service^ never forget that 
respect which is the rightful due of every honest man. Use few 
words ; make your bargain in a generous spirit ; offer rather more 
than the current market price, trusting to your care in selecting em- 
ployees for full remuneration. Give no man cause of complaint, 
and never submit to the slightest evident attempt at extortion or 
fraud. 

Do not give up your studies^ however pressed by business, but 
see that you make your foundations deep and solid by future ac- 
quirements. I cannot do belter than to commend to you the words 
of President Eliot of Harvard University, who says : 

" For ambitious young men, no exhortation to lay broad and 
deep foundations in youth is so effective as the spectacle of promis- 
ing careers ruined, and great opportunities of distinction and useful- 




ness lost, mainly for lack of thorough education. The greater the 
natural ability of conspicuous actors in such scenes, the more pitiable^ 
does it seem that they should fail at fifty for lack of knowledge 
which they might easily have acquired at twenty-five. The surcsX 
way to succeed in any profession, military or civil, scientific ^^ 
learned, is to get, in early life, the best and completest training ^^^ 
it which the country affords.'* 

Tak^ care of your health. Keep this wonderful machine wIb 
we call the body — this mechanism which is at once the domicile 
the servant, the transporter and the feeder, of the soul and of 
mind — in the highest state of efliciency. Study the laws of heaK. 
and obey them as conscientiously as the laws of morals or of ci 
and social duty. A mind diseased is often but the exponent ol 
body diseased. Restore the body to health, and the mind will oft 
be restored its activity and its intellectual and even moral streng' 
You can neither enjoy life nor do your full duty to either God 
man if your body, bones, and muscles, as well as nerve and bi 
are not in perfect health. Remember that Nature punishes ev< 
fault of ignorance and of carelessness with absolute certainty ai 
without mercy, as she punishes every deliberate violation of 
laws made with full knowledge and with " malice prepense." T-_ 
sins of youth are visited upon old age, and those of parents u] 
'* children and children's children unto the third and the fourtb" 
and perhaps to many succeeding generations. This is an all-ii 
portant matter, and a long life, full of good works, can never 
preceded by a course of conduct other than that which we all kn< 
to be essential to the preservation of health of body and purity '■ 
soul. Even moderate smoking weakens the vital powers; the sligl 
excesses of the moderate drinker sliorten his life ; and every ouw 
of food uncalled for by the stomach, every innutritions article of di< 
taken into the body, taxes the system. Our habits of life and oi 
methods of work determine the state of our health, and give \x^ 
eitlier the pangs and worries of dyspepsia, with lax muscles, feebl- 
nerves, weakness of character, and powers of mind easily overtaxec^'^ 
cr they give us hard, wiry muscles and firm flesh, good digestion ^ 
a power of endurance of physical labor, and of mental as well, ^ . 

fresh, active brain, with accurate perception, clear judgment, good A 

memory, a pleasant frame of mind, and the power of doing a day's 
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work with satisfaction to ourselves and to those who are about us, 
and of feeling fresh at the end of it. Therefore, care for your health. 
It were far better that this machine should wear out than that it 
should rust out. A man had better die young of overwork than live 
a long life without accomplishing anything, and finally die of old 
age without having done a man*s work in the world. But it is best, 
by far, to keep the machine at work steadily and efficiently, with 
tvery sliding part and revolving journal well lubricated, and with 
jvery member well protected against oxidation, thus securing a long 
period of usefulness and a maximum length of life and amount of 
vork performed. It is best, by far, that this human mechanism be 
cept at work steadily and regularly, without haste, without faltering, 
vith every muscle in good order, the digestive functions working 
)roperly, the circulation regular and strong, the brain and nervous 
lystem well nourished and kept in training, and a long life thus en- 
;ured, full of usefulness — a maximum value given to the lifetime thus 
)rolonged. Keep always in mind the splendid motto on Goethe's 
leal: 

''G^nc 4a0t, ol)nr Viattf wtc Mc .Sterne!"* 

President Porter of Yale College gives you terse and sound 
idvice in regard to your conduct and bearing as men : 

" Young men," said he to his pupils, " you are the architects of 
our own fortunes. Rely upon your own strength of body and 
oul. Take for your star Self-reliance. Inscribe on your banner : 
Luck is a fool ; pluck is a hero.' Don't take too much advice ; 
eep at your helm, and steer your own ship, and remember that the 
jeat art of commanding is to take a fair share of the work. Think 
^ell of yourself. Strike out. Assume your own position. Put 
otatoes in a cart over a rough road, and the small ones go to the 
ottom. Rise above the envious and the jealous. Fire above the 
lark you intend to hit. Energy, invincible determination, with a 
ight motive, are the levers that move the world. Don't drink ; 
on'tchew; don't smoke; don't swear; don't deceive; don't read 
ovels ; don't marry until you can support a wife. Be in earnest ; 
€ self-reliant ; be generous; be civil. Read the papers. Adver- 

* Without haste, without rest, like the stars. 
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tise your business. Make money, and do good with it. Love your 
God and your fellow-men ; love truth and virtue; love your country, 
and obey its laws." 

/// characUr^ I would urge you to seek to become what Sir Philip 
Sydney was— honest, brave, quick of wit, of kindly and gentle dis- 
position, of noble and generous impulse, combining a sedate wisdom 
with all the chivalry of a romantic age ; hungering for knowledge, 
thirsting for adventure, fresh in heart, with a tenderness and a child- 
like simplicity such as is to-day too rarely even respected, stiil less 
emulated. All of these qualities united to make a character not 
free from fault, but yet, in its ensemble^ most admirable and most 
worthy of study and of imitation. If you can unite with all this 
something of that sterner but not less lovable character which is 
ascribed to the Puritan of that period, you will not respect your- 
selves less, and will be none the less honored by your fellow-men. 
" His aim," says an historian,* " was to attain self-command, to be 
master of himself, of his thought and speech and acts. A certain 
gravity and reflectiveness gave its tone to the lightest details of his 
daily converse with the world about him." " His life was orderly 
and methodical, sparing of diet and of self-indulgence. He rose 
early ; he was never at any time idle, and hated to see any one else 
so." Be like Colonel Hutchinson, who " had a loving and sweet 
courtesy to the poorest," and who " never disdained the meanest 
nor flattered the greatest." 

Do you remember what Beaumont and Fletcher say in the 
epilogue to " Honest Man's Fortune " ? 

" Man is his own star, and the soul that can 
Render an honest and a perfect man 
Commands all light, all influence, all fate ; 
Nothing to him falls too eady or too late. 
Our acts our angels are, or good or ill, 
Our fatal shadows that walk by us still." 

Preserve a firm faith in your own judgment, but weigh without 
prejudice the facts presented to your own observation and the argu- 
ments offered by others. Cultivate self-respect, conscientiousness^ 
and persistence. Prepare yourself to say with Peter Cooper, who, 

♦Green. J. R., '• Histor>- of the English People." 
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on his eighty-third birthday, met his many friends and received 
well-deserved congratulations : " I have always recognized that, 
while the object of business is to make money in an honorable 
manner, the object of life is to do good." Make this sentiment 
your own. Then, " with malice towards none " and " with charity 
for all," wend your way steadily, bravely, quietly, and happily 
through life, with full confidence that, at the end^you may look 
back with a glorious feeling of peaceful satisfaction upon long years 
of public and private usefulness, of well-earned honors, and of 
truest happiness. 

And now, for the many friends who part with you here, tempo- 
rarily as we hope, and in behalf of my colleagues, and for myself, 
who have watched your course during these four years with all of 
that mingled anxiety and satisfaction which arises from a sense of 
the responsibility thrown upon the exponent of a new method and 
the represei\taiive of a new professional school, and from the gradual 
advance of our experiment to a happy and most encouraging result, 
I must declare this work concluded, and must, for myself and all, bid 
you farewell Yet before saying this last word, let me remind you 
that, going out into the world from this quiet, happy home, where 
you have spent so long a time in preparation for the great work 
which awaits every one on reaching man's estate, you will not, 
we hope, consider yourselves entirely dissevered from all these old 
associations, from your old friends and college mates, or from your 
Alma Mater. We shall hope to meet you at these annual celebra- 
tions in succeeding years, to exchange pleasant greetings, to learn 
of your strivings and of your successes, to listen to your story of 
good works well rewarded, and to show you, in our turn, the growth 
of the college, the improvement of methods, and an unintermitted 
elevation of the standard of scholarship and of professional attain- 
ments. Even here, remember, you can help us. You are a body 
of standard-bearers, sent out to lead a small but growing army of 
practically scientific men. You will aid to make for your teachers 
and for the college just such a reputation as you shall make for 
yourselves. You have a great, almost an intimidating, responsibility 
in the proper use of this power for good or for evil. See, I beg of 
you, that your efforts are effective in upholding this exponential en- 
terprise, and lose no opportunity to repay, so far as you are able, the 
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obligations here incurred. Send us manly, intelligent, earnest, active- 
minded, and ambitious students, who will not require to be reroind- 
ed of the only rule of this institution, unwritten though it is: 
" Every gentleman here is required to be a student ; and every 
student is expected to be a gentleman." Divert into these collections 
whatever you may find and secure that shall promise to be valu- 
able to such students, and, sustaining this great enterprise by every 
moral and social aid, and by every material contribution that it may 
be in your power to obtain for it, do unto those who are following 
you as others have done unto you. Such an institution cannot have 
too many or too earnest and powerful friends. It must always look 
to its own Alumni for its most sincere and its most reliable support- 
ers. Be yourselves always worthy of the name of an Alumnus of 
Stevens, and aid all of our friends in their efforts to make the col- 
lege the pride of its Alumni. Keep us all in your memories, as we 
shall preserve you in ours, and do not forget that, wherever fate may 
lead you, friends are h^ire sympathizing with you in your trials, tak- 
ing pride in your successes, and ever watching your progress in an 

honorable career. 

And now I must say the last but yet cheering word. For all who 

have here gatliered to meet you, I give you this, our formal 

Farewell I 
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[HE plan of instiuction pursued is intended to be such as may best 
fit young men of ability for leading positions in the department 
of Mechanical Engineering, and in- scientific pursuits. 
With this view : 

1. It alTords a thorough training in Mathematics, in so far as they are 
useful means of investigation and of work, and not themselves the ends and 
objects of labor. 

2. A department of Bcllcf^-Lettrcs furnishes the means of cultivating a 
literary taste and facility in the use of laniriin^xe, which are as desirable in 
the engineer and man of science as in the classical student. 

3. The French and German Lanijuagcs form an essential part of the 
course of instruction. They arc indispensable to the engineer and man of 
science as the vehicles of a vast amount of information, and also as afford- 
ing that kind of mental culture which mathematical and physical science, if 
followed exclusively, would fail to supply. 

4. The subjects of Chemistry and Metallurgy are thoroughly taught, with 
all the modern appliances and working I.iboratories. 

5. Arrangements of an unusually perfect character have been made to 
give a thorough practical course of instruction in Piiysics. by means of 
physical laboratories, in which the student is guided by the professor of 
Phj'sics in experimental researches bearing upon the subjects of his .special 
study. 

Thus the student will experimentally study those methods of making 
measures of precision which are used in all tlclerminations in Physics; he 
will measure for himself the tension of steam at various tempcralurcs, and 
construct the curve sliowing their relations ; he will determine the electrical 
resistances of several conductors and insulators, and so on through the 
subjects of Physics. 

6. The subject of Mechanical Drawing forms a scj-arate department, to 
which much time is given. 

The course comprses the Use of Instruments and Colors, Descriptive 
Geometrj', Shades, Miadows, and Persj;eciive, and the Anr.lysis of Mechani- 
cal Movements — the principles involved being aj)plied in the consiruciiun 
of plans. 

7. The subject of Mechanical Enj^ineciing, including theory and prac- 
tice in the construction of machines, forms a distinct department, under the 
charge of a professor expciionccd In the practical relations of his subje.t, 
who will devote his entire attention to the branch. 
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as long. Thus would be effected a saving of 9880 per mile* in the sere 
years, on sleepers alone. In the United States are 83,908*6 miles < 
railroad.f The whole saviog on these lines would be 9^9,889,568^ c 
upwards of $4,262,795 per annum. 

Again, English engineers deride American wooden railway bridgei 
Eight years is their average duration.^ Creosote them and they an 
good for double or treble that timc.§ For ordinary railroad pnrposec 
they cost $40 per linear foot.|| The use of Bethell's process wodd 
effect a great saying on such a line as the Grand Trunk Railway, wfaoie 
wooden bridges measure 9855 feet upon the Montreal and PorUaad 
division alone. If Further illustrations of the importance of preserv- 
ing timber from decay seems unnecessary. Let us proceed to the fr 
cussion of this desirable object. 

In situations so free from moisture that we may praeticaDy mH 
them dry, the durability of timber is almost unlimited. The roof of 
Westminster Hall is more than 450 years old. In Stirling Casde ire 
earrings in oak, well preserved, over 800 years of age. Seotdi fr 
has been found in gooa condition after a known use of 800 jtun,^ 
and the trusses of the roof of the Basilica of St. Paul, Rome, ms 
sound and good, after 1000 years ef service, ft After these wdlj^ 
tested examples of preservation, the further consideratioii of wood in 
this state seems unnecessary. 

Wood constantly wet in fresh water is onite as durable. Piles me 
dug from the foundations of old Savoy Palace, in a perfeeily sooid 
state, after having been down 650 years. The piles of oldliondM 
Bridge were found sound and perfect 800 years after they wsre 

driven.Jt 
While the acidity of bog- water retards decay, it seems to ui Att 

part of the preservative property attributed to the stagnant li^ii^ 

should be ascribed to the salts of metals or alkaline earths held m ee- 

lution, and deposited among the woody fibres. 

In the above situations, the action of natural agents cannot be iai- 

proved. But in certain other conditions, man must resort to preserfip 

tive processes to secure permanence of structure. For oonvenieiiee d 

discussion we have introduced the following classification : 

1. Wlien wood is damp we have to euard against dry rot 

2. When wood is alternately wet and dry we have to guard againsi 
wet rot. 

8. When wood is constantly wet in sea-water we have to goan 
against teredo navalis and limnoria terebrans. 

* Fire cents, at seven per cent compoand interest, amounts,' in seven jsafs,* 
eiglit cents. 60 cents — 8 cents = 42 cents saved on each ^^eper at tbe end of self 
years. $Q*42 X 2112 =$887*04 saved per mile in seven years. 

\ De Bow's Review^ February, 1866, page 207. 

X Civil Enffineer^a Journal^ vol. zxiv., page 282. 

{ " A properly constructod railway bridge of suitable raatorials may be fill 
relied on for twenty years."— Journal FroMdin Institute^ vol. xxxvi., page 1. 

II avU Engineer's Journal^ vol. xxiv., page 282. 

f Journal Franklin Institute 

»» The Builder, vol. ii., page 688. ft ™d., p. 616. JJ Ibid., p. 616. 

^1 Civil Engineer's Journal^ vol. zxi. 



1. Wood in Damp SitwUiont. — When unaeasoQcd wood is snrronnd- 
Bd by dead air, it verj rapidly decays, fine fnngoua growths extondinfj; 
through every part. After the rot has begun, the mere contact of 
decayed and eound wood bcuuis sufficient to ciiaure, by a catalytic 
action, its spread through the hitter. Tliis has probably led some ob- 
■etTers to their conclusiona, that the accompanying parasitic plants, 
Memlias lachrymans (or L. raatator) and Folyporus bydridus, cause 
the decay. But the highest authorities now regard these growths as 
accessory, and beginning only after a suitable nabitut has been pre- 
pared for them.* Thus the fungus acts the part of a scavenger and 
nnverts corrupt matter into new forms of life. The presence in the 
timber of the fungi spores is easily explained. The researches of 
Pasteur show that atmosphoric dust is filled with minute germs of va- 
riovs species of animals and plants, ready to develop as soon as they 
bU into a congenial locality. He concludes that all fermentation is 
tused by the germination of such infinitesimal sporea.f That they 
(lode observation, does not seem strange, when we coasider that some 
mfosorta are only ^j\^^ of an inch in length. { Admitting that they 
ire only ten times the linear dimensions of their germs, the latter will 
be sj^oon '^^ '^^ '"'^^ long. But with the best microscopes we cannot 
parceive objects measuring less than gajgo of an inch. These germs 
might find their way into the growing plant through both roots and 
kaves. The wholo tree is thus filled with the seeds of decay, await- 
iDg snitable conditions to spring into growing organisms. The pro- 
loBged vitality of spores, made necessary by this theory, cannot be a 
HnoQB objection, when we remember the vigor of the *' mummy wheat," 
snd the unknown plants which start from the earth raiaod from deep cx- 
oavstions. Indeed, time, even when measured by centuries, seems 
iiardly to affect the vitality of vegetable germs. 

But what prepares timber for the germination of the fungi spores ? 
Probably fermentation of the juices and aemi-solids of the moist wood. 
For fermentation, five cooditious are necea8ary,§ via : 1. Presence of 
water. 2. Temperature from 40° to 110° Fabr. 8. Fresenoe of a fer- 
ment. 4, Presence of a fermentable body. 5. Exposure to the atmo- 
sphere. 

Three of these conditions almost always prevail. Very rarely, if 
ever, can we maintain the temperature of any timber construction belov 

* " Thera U no reasoti to believe thnt fun^ can make um of oi^ftnic componndi 
In any other than a state of decompositioD." — CarnentcT'i Oomp, Phyaioloffji, pag« 
1G6. (See also fncyctopmfii) itHfnnKa on this subject) 

f ■< Powders suspended in the tXt kto the exclusive ori^n, the first and neceisuy 
condition of lifb in inAuioni, in putrecible bodies, and in liquids CBpablo of under- 

fling temientation." — See traniUtioa of I'Mteur't exporimenis in vol. xuii.,ga0 p 
of Amtriean Journal of Seittice. 

X ■' Some inAiBorift are not more tbsn y^^rv of an Inch in diameter, and If weinp- 

Eise the nporefl to l>o only ^g of the parent s linear dimensions, there most be an 
calcolalilo amount of germs do lurf^r than u^at of on Inch in diamater. Since, 
according to Sullivant and Wormle^, vision, with the most powerRit mlcroscopaa, 
is limited to oliJeGts of ^g^ of an inch, we need not be surprised that wa do not 
always Boe the Boating germs of anlmnls and plants." — Koto by the translator of 
Faatcur's researches, American Journal of Scitnee, vol. xzxil., page 6. 

I Notes on Fiof. A, B. Frtxcotl's Lecturet on Organic GKtmittry in the Vni- 
venity. 
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'mrvation of Wood in Hamp and Wet Situations. By H. W. Lbwis, 

University of Michigan. 

GRADUATING THESIS. 
Worn tifte Joiutnal of the FnuUKlta Instltntv* 

fo introductory apology for the theme of this paper is judged ne- 
lary* A few plain statements will show that the subject is one of 
^ though unheeded importance. 

*he annual drain which is exhausting our forests is startling when 
remember the vast areas of our country utterly destitute of tim- 
— when we learn, for instance, that *' upon the 55,000 square miles 
[llinois, there grows not a single pine large enough from which to 
don a board."*" Statistics show that, in 1865, above 5,000,000,000 
. of lumber, 2,000,000,000 of shingles, and 900,000,000 pieces of 
i were sold in Chicago alone.f Michigan and Wisconsin almost on- 
ly supply that market. 6000 feet of pine lumber per acre is an 
rage yield.l ^o formal calculation is necessary to show us that, 
li the present demand, a single generation will exhaust the supply 
Be States can afford. 

iui the consumption increases in a rapid ratio. It has already 
led the prices. Clear lumber sold for $18 per thousand in 1855, for 
I per thousand in 1860, and for $45 per thousand in 1865.§ And 
owing close on Chicago, in this trade, are Albany and Pittsburgh. || 
mprovidence will soon, we fear, make us as dependent on foreign 
plies of timber as is England, who has already granted numerous 
ents for processes promoting the durability of the lumber every 

Shtened nation must have, 
all we employ those processes whose utility experience has de- 
istrated ? Self-interest returns but one answer. But ia American 
vay management, self-interest seems to be disregarded. While the 
'age life of English railway sleepers is fifteen years, that of Am&» 
[1 sleepers is only seven years.^ Allowing 2112 sleepers per ipile, 
ifty cents each,** $1056 per mile of American railroad decays 
y seven years. Thoroughly impregnate those sleepers with sulr 
e of copper, at a cost of five cents each, and they would last twice 

hunt's Merehanfa Mag,y Feb., 1866, page 106. 

Clumber, 5,089,088,088 feet ; shingles, 8,560,098,212 ; lath pieces, 988,297,748. 
^Xkt's Merchant* s Mag. 

* An average estimate of the product of lumber of all the pine lands in the 
is 6000 feet to the acre. Some sections will overrun, some fall short, of this 
txV* * * ♦ "Seven years will exhaust all the pine lumber within five 

f>f any of the navigable rivers." — The Pine Lands and Lumber Trade of Mi- 
^, page 4. 

hunt's MerehanVe Mag., Feb., 1866, pages 106 and 107. || Ibid., p. 105. 

^ew American Ch/clopasdiay vol. xiil., page 784. 

^eieniifie American^ February 17, 1866. Also Col. Berrien's (Chief 0. K. of 

• B. B.) estimate of their cost for the past two years on the '* Michigan Central 
-oad." 
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of Boston salted his ships with 500 bushels of the chloride, disposed m. 
an interior lining, adding 100 bushels at the end of two years.* Sacfr 
an addition of dead weight, (35,000 pounds in this case,) is sufficiesl^ 
objection to a procedure which has other great disadvantages. 

The unpleasant odor of creosote isgreatlj against its use upon Ibd- 
ber for dwellings, and Bethell's process, therefore, is not described 
here, although the most satisfactory known. Pyrolignite of iron ii 
offensive and also highly inflammable. The afiinity of the chloridesfor 
water keeps the structure into which they are introduced wet ; beside^ 
they corrode the iron-work. Sulphate of copper is free from thoe 
objections, and is, at present, cheaper than thechlorides.f Therefore, 
for protecting wooden atructurea against dry rot in damp situations, 
like mines, vaults, and the basements of buildings, sulphate of copper 
aeemi preferable, and Hewaona or Boucherie'a method of injecting U 
cheaper and more expedient^ according an the timber ia ahort or hag* 

Ii. Wood alternately wet and dry. — The surface of all timber ex- 
posed to alternations of wetness and dryness, gradually wastes away, 
becoming dark-colored or black. This is really a slow combustion, bot 
is commonly called wet rot, or simply rut. Other conditions being the 
same, the most dense and resinous woods longest resist decompositioD. 
Hence the superior durability of the heart-wood, in which the pores 
have been partly filled with lignine, over the open sap-wood, and of 
dense oak and lignum-vitse over light poplar and willow. Hence, too^ 
the longer preservation of the pitch-pine and resinous *^ jarrah*' of the 
East, as compared with non-resinous beech and ash. 

Density and rcsinousness exclude water. Therefore our prewrft- 
tives should increase those qualities in the timber. Fixed oils fill op 
the pores and increase the density. Staves from oil barrels and tim* 
bcrs from whaling ships are very durable. The essential oils resinifj, 
and furnish an impermeable coating. But pitch or dead oil possesses 
advantages over all known substances for the protection of wood 
against changes of humidity. According to Professor Letheby,| detd 
oil, 1st, coagulates albuminous substances; 2d, absorbs and appropri- 
ates the oxygen in the pores, and so protects from eremacaus's; 8d, 
resinifies in the pores of the wood, and thus shuts out both air and 
moisture; and, 4tb, acts as a poison to lower forms of animal and vege- 
table life, and so protects the wood from all parasites. All these pro- 
perties specially fit it for impregnating timber exposed to alternations 
of wet and dry states, as, indeed, some of them do, for situations damp 
and situations constantly wet. Dead oil is distilled from coal-tar, of 
which it constitutes about *30, and boils between 390° and 470° Fahr. 
Its antiseptic quality resides in the creosote it contains. One of the 
componenis of the latter, carbolic acid (phenic acid, phenol) C^ H| 

* American Journal of Science ^ vol. ii., p. 17. 

f Price of sulphate of copper \\qt pound llj and 12 cents; sulphate of zinc 8 and 
12 cenu ; chloride of «inc $1'60 and $1-75 ; chloride of mercury, $108 and $1*10. 
— From Druggist's Circular, June ,1800. 

The price paid for chloride of zinc by thp Michigan Central Railroad Company, 
two years ago, was 6 cents |)er pound. — Auditor's OficCf M. C. BJL Co, 

X Civil Engineer's Journal^ vol. xxiii., page 216. 
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0^"* the mo^t powerful antiseptic known, is able at once to arrest 

tHe decay of erery kind of organic matterf Prof, Letheby estimates 

tWs acid at I to 6 per cent, of the oil. Chrysilic acid C14 Hg 0,, the 

bomologue of carbolic acid, and the other component of creosote, is not 

known to possess preservative properties. 

Bethell's process^ subjects the timber and dead oil, enclosed in huge 
iron tanks, to a pressure varying between 100 and 200 pounds per 
square inch, about twelve hours. From eight to twelve pounds of oil are 
thus injected into each cubic foot of wood. Lumber thus prepared is 
not affected by exposure to air and water, and requires no paintinfl:.§ 
A large number of English railway companies have already adopted 
the system. jl Eight pounds of oil per cubic foot is sufficient for railway 
sleepers-Tf 

The cost of " creosoting,** as this process is sometimes called, was 
given in 1855, by Ronald and Richardson, at somewhat less than four 
pence per cubic foot,** in England. At one shilling per gallon,tt the 
price at which dead oil was obtainable in England in 1868, four pence 
per cubic foot would, we presume, be sufficient. 

A process recently patented, and described in the Scientific Ameri- 
<tfn, February 17, 186tf, proposes to introduce highly heated oleaginous 
vapors among the timber, confined in an iron tank. The patenteeJJ 
hopes, that as fast as the moisture is expelled from the wood, the vapor 
will take its place. Whether this substitution would not soon arrest 
itself, should it even commence, is in our mind a debatable question. 
While an external application of coal-tar promotes the preservation 

♦ ** Creosote from coal undoubtedly contain* two homologous bodies, C,, H- O, 
and C,4 il(, U,. the firnt bein^ carbolic and the second cresylic acid." — Uru'i Diet. 
9f ArUf Manu , and Mines, voL ii, p. 628. 

t '*I have ascertained that addiag one part of carbolic aeld to fire thousand 
p«rts of a strong soUitioa of glue will keep it perfectly sweet for at least two years. 
• ...«». Hides And skins, immersed la a solution of one part of carbolic 
ac!d to fif\y parts of vAter, for twenty-four hours, dry im air and remain quite 
•weet"— Prof. Crace Calvert, Ann, Se. ^Duieov., 1865, p 65. 

** Carbolic Acid is sufficiently soluble in water for the solution to possess the power 
^f arre«tiii«^ or preventing spontaneous fermentation. Saturated solutions act on 
animals amd plants as a virulent poison, though containimg only Ave per cent, of the 
idd."— Crt,. Eftff. Jour., vol. xxii., p. 216. 

^ Parasitic and other worms are instantly killed by a solution containing only one- 
naif per cent, of acid, or by exposure to the air containing a small portion of the 

^id. *By examining the action on a leaf, we find the albumeii 

La coagulated. All animals with a naked skia, aad those that live in water, die 
H>uner than those that live in air and have a solid eavelope.'* — Dr. I. Lemaire Ann^ 
Sc Di9cov., 18(55, p. 288. 

X Ronald and Richardson's Teeknolo^^ pu 789. 

I lire's Diet, of Manu. find Mines* 

g The Great Western, North-Rastern, Bristol and Exeter, Stockton and Dar- 
lington, Manchester and Birminghan^ aad Londonand Birmingham .—^U re's DieL 
cj Manu. and Mitus. 

^ Jour, Frank. Inst, vol. xliv., p. 276. *♦ CKemieal Teeknology, p. 787. 

ft Dr. J. G. Ashbv in the Loudon Meehanie's Magazine, July, 1862L He says. 
'< Crude carbolic acid can be obtained for one shilling," but undoubtedly neiMis 
lead oil. 

IX Louis S. Bobbins, New York City. 
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of dry timber, nothing cnn more' rapidly hasten decay than sncli t 
coating upon the surface of green wood. Bat this mistake is often 
made, and dry rot, instead of wet rot, does the work of destruction.* 
The reason must appear from what lias been said on dry rot. CarboD* 
izing the surface also increases the durability of dry, but promotes die 
decay of wet, timber. Farmers very often resort to one of the latter 
methods for the preservation of their fence-posts. Unless they die- 
criminate between green and seasoned timber, these operations will 
prove injurious instead of beneficial. 

In this connection, we remark, that inverting a post from the pofr 
tion in which it grew, is by some supposed to retard decay. Accoii 
ing to the President of the '^Northern Architect's Association," EnglanJi 
^^ the valves* close against moisture ascending through the ducts froa 
the enrth into the post.f But, according to Gray, thin places onlr 
separate contiguous ducts. Fluids can pass through them in one isr 
recMon as well as in the othtr. When age obliterates these thinM- 
diums, nothing opposes the flow upward or downward. Furthermore^ 
the passa<re of fluids through wood is not confined to ducts : it takef 
place on all sides of them as well. In face of these facts, very careM 
experiments will be requisite to convince us that a post is more durable 
in the inverted than in the normal position.^ 

III. Timber eouBtantly wet in Bait water, — ^We have not to gmri 
against decay when timber is in this situation. Teredo navalis, a mol- 
lusk of the family Tubicoliria, Lam., soon reduces to ruins any u- 
protected submarine construction of common woods. I quote from a 
paper read before the '^ Institute of Civil Engineers," England, iibil* 
trating the ravages of this animal : 

'' The sheeting at Southend pier extended from the mud to eigbt 
feet above low-water mark. The worm destroyed the timber from t»o 
feet below the surface of the mud to eight feet above low- water mark, 
apring-tide ; and out of 38 fir-timber piles and various oak-timber piH 
not one remained perfect after being up only three years."J Sped- 
mens of wood, taken from a vessel that had made a voyage to Africa, 
are in the museum, and show how this rapid destruction is effected. 

None of our native timbers are exempt from these inroads. Robert 
Stephenson, at Bell Rock, between 1814 and 1843,§ found that greeih 
heart oak, beef-wood, and bullet-tree were not perforated, and teak 
but slightly so. Later experiments show that the '^jarrah*' of tbeEasti 
also, is not attacked.)] The cost of those woods obliges us to resortto 
artificial protection. 

The teredo never perforaten below the surface of the sea-bottom,! 
and probably does little injury above low-water mark. Its minute ori- 
fice, bored across the grain of the timber, enlarges inwards to thesiw 

* According to Col. Borricn, tlio Micliipm Central Kuilroad bridge, at ^Ues, 
was painted, before seasoning^ with *• Ohio fire- proof paint/' forming a glazinl s•Jl^ 
face. About five years after, it was so badly dry rotted^is to require rtibuilding. 

t The Builder for 1866, p. 79. % Civ, Eng, Jour., vol. xii., p. 382, 

2 Ibid., vol. XX., p. 16. II The Builder for 18C2, p. 511, 

\\ Civ. Eng, Jour., vol. xx., p. 17. 
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of the finger, and soon becomes parallel to the fibre. The smooth 

drcular perforation is lined throughout with a thin shell Trhich is 

\ lometimes the only material separating the adjacent cells. The borings 

undoubtedly constitute the animal's food, portions of woody fibre hav- 

• bg been found in its body.* While upon the surface only the projecting 

' iipbuncles indicate the presence of the teredo, the wood within may 

be absolutely honey-combed with tubes from one to fonr inches in 

fcogth. 

It was naturally supposed that poisoning the timber would poison 
Hit drive away the teredo, but Kyan's, and all other processes em- 
■ploying solutions of the salts of metals or alkaline earths, signally 
'liiled. This, however, is not surprising. The constant motion of sea- 
%iter soon dilutes and washes away the small quantity of soluble poi- 
Son with which the wood has been injected. If any albuminate of a 
Metallic base still remains in the wood, the poisonous properties of the 
Ejection have been destroyed by the combination. Moreover, the lower 
*t«rtebrates are unaffected by poisons which kill the mammals. Indeed, 
It is now known that certain of the lower forms of animal life live and 
-ITen fatten on such deadly agents as arsenic.f 

Coatings of piaint or pitch are too rapidly worn away by marine ao» 
faon to be of much use, but timber, thoroughly creosoted with ten 
:;P<Hind8 of dead oil per cubic foot, is perfectly protected against teredo 
iiayalis. All recent authorites agree lipon this point. In one instance, 
Veil authenticated, the mollusk reactied the imptegnated heart-wood 
ijr a hole carelessly made through the injected exterior. The animal 
pierced the heart-wood in several dirc^ctions, but turned aside from the 
ereosotcd zone4 The process and cost of ^^ creosoting " have already 
been discussed. 

A second destroyer of submarine wooden constructions is limnoria 
terebrans, (or L. perforata, Leach,) a mollusk of the family Assellotes, 
Leach, resembling the sow-bug. It pierces the hardest woods with 

Elindrical, perfectly smooth, winding holes, ^'^jth to y'^th of an inch in 
imeter, and about two inches deep.§ From ligneous matter having 
been found in its viscera, some have concluded that the limnoria feeds 
On the wood, but since other mollusks of the same genius, Pholas, bore 
•nd destroy stone-work, the perforation may serve only for the ani- 
mal's dwelling. The limnoria seems to prefer tender woods, but the 
hardest do not escape. Green-heart oak is the only known wood which 
is not speedily destroyed. || At the harbor of Lowestoft, England, 
•quare fourteen inch piles were, in three years, eaten down to four 
inches square.^ 

While all agree that no preparation, if we except dead oil, has re* 
pelled the limnoria, an eminent English engineer has cited three cases 
10 which that agent afforded no protection.** 

* Civ. Eng, Jour.j vol. xii., p. 882. Also Diet. Unlver. d'HU, Naiur., tome xil. 
f British and Foreign Medical Review. % Civ. Eng, Jour., vol. xii., p. 191. 

2 Diet, Univer, d'His. Natur, B ^^^' ^^' Jour., vol. xxv., p. 208. 

% Ibid., vol. xvi., p. 76. ** Ibid., vol. xxv. p. 2U6. 
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We do not find that timber impregnated with water-glaaa hai 
ed against this subtle foe. The experiment is certainly worth j 

A mechanical protection is found in thickly studding the 
the timber with broad-headed iron nails. This method h; 
successful. t Oxydation rapidly fills the interstices between 
and the outside of the timber becomes coated with an imp 
crusty so that the presence of the nails is hardly necessary. 

In conclusion, we cannot but express surprise that so little 
in this country concerning preservative processes. Their em 
seems to excite very little interest, and the very few works w 
are being tested attract hardly any attention. Those railroi 
have suspended their use assign no reasons, and those upon 
timber is injected publish no reports concerning the advai 
their particular methods. Even the National Works, upon whic 

f process was formerly employed, have laid it aside, and no^ 
umber to dampness and alternations of wetness and dryness 
any preparation beyond seasoning. When sleepers cost fifty 
creosoting thirty cents each, it is cheaper to hire money at : 
cent., compound interest, than to lay new sleepers at the enc 
Years. Allowing any ordinary price for the remoral of th 
laying down the new ties, the advantage of using BetheU'i 
seems evident. If some cheaper method will produce the san 
the folly of neglecting all means, seeking to increase the dur 
the material is still more palpable. 

Complete and reliable reports upon the preservation of tl 
species of woods experimented upon in this country are greatl 
and we hope they may shortly appear. 

* Civ. Eng. Jour., vol. xii., p. 882. 
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RING the year 1873, my attention was called to the frequent 
nts, resulting from the breaking of rails, on the different rail- 
in this country, and I was requested to investigate the subject. 
)lan of investigation I proposed was to ascertain, in as many 
as possible, the exact history of broken rails, both in this 
py and in Europe ; to collect information in Europe relating to 
sts which rails used there were required to undergo, and to ex- 
ent upon the pieces of rails broken on the road, with a view to 
ain whether their fracture was due to their chemical constitu- 
bad manufacture, to a reduction in strength owing to terapera- 
or to physical changes in the constitution of the rail. 
e investigation was commenced by the collection of statistics, 
)T this purpose I spent several months in Europe, collecting 
oation on the subject of broken rails, as well as the life of iron 
^1 rails generally, and inquiring into the systems of purchasing 
f testing them employed by the railroads there, intending, on 
itum, to make a series of analyses of rails broken, both in this 
ry and in Europe ; to ascertain, if possible, how far great cold 
n influence on the fracture ; to examine whether the rail broken, 
• on the road or afterwards, underwent, at or about the fracture, 
ihysical change, and to make a series of experiments on the 
jth of rails manufactured in the United States or sold in the 
•ican market. 

ifortunately, the panic of 1873 came on, just before my return 
Europe, and prevented the carrying out of the larger part of 
Ian proposed ; as, however, I had collected in the meantime, a 
number of statistics of different kinds from all parts of Europe, 
»ad made a number of interesting experiments and investiga- 
I have thought it would be worth while to communicate some 
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, aole or any part of the material which is not up to 

.' As the strength of the rail is stipulated in the con- 

.ain number of experiments are made in the presence of 

leer of the manufacturer furnishing the rails, but under the 

.on of the engineer of the railroad company, sent to the works 

ihat purpose. None of the verifications, however, have the effect 

in any way diminishing the responsibility of the guarantee of the 

B of the rail for the time fixeil in the contract. No manufacturer 

allowed to underlet any part of his contract to another manufac- 

rer without the written consent of the company. The acceptance 

the works by the company does not guarantee the whole payment 

til the article contracted for, whether it is a car, a rail, a water- 

ik, steam-engine, or any other material about the railroad, has 

>rn well and without repairs during a certain specified time. 

Most of the rails manufactured are of the ordinary American 

ttern, though some companies still use the double-headed rail. 

m rails are not so generally used as formerly. On all the principal 

ids their place is being rapidly replaced by steel. Steel-headed 

Is are used by some of the companies, but there is no certainty 

it the weld of the iron to the steel will always be perfectly made. 

le general experience is that there is a tendency for the two ma- 

ials to separate. There have been a great many ingenious plans 

:)posed, to make the iron clamp the steel, or the steel clamp the 

n, but in view of the experiments made at the Northern Railroad 

France, it does not seem worth while to lay any but steel rails, 

>re especially as the old steel rail has a value which no combina- 

n of iron and steel could have. 

It does not necessarily follow, that what is done in Europe, is 
:ter than what is done in this country. On the contrary, 
iropean railway companies have a great deal to learn from the 
ictice of this country, as is shown by the repeated reports made 
engineers of different countries, sent here for that purpose by 
iir governments ; but in the manufacture of rails and the study of 
jir wear and tear, we have something to learn from them. I have 
:en some pains to compare the contracts for the purchase of rails 
de by different companies, and give below an abstract of the con- 
cts made for the purchase of both iron and steel rails, including 
t stipulations of all the roads of France whose contracts I have 
:n able to procure. There is, necessarily, a great deal of same- 
8 in these contracts, and as no one of the roads imposes all of the 
iditions which I give below, I have given the contracts somewhat 

2 
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in detail, at the risk of being tedious, since I do not know that they 
have heretofore been published in English. They are, certainly, 
not generally within the reach of our members. 

CX)NTRACT8 FOR IRON RAILS. 

All of the roads furnish either a drawing or a steel pattern of the 
form of the rails, and the manufacturer is not allowed to make the 
rails until the company is assure<l that the rolls agree perfectly with 
the shape furnished. The toleration allowed in the transverse section 
is only J mm. more or less. * This is done in order to take into con- 
sideration the difference which may arise from the wearing of the 
rolls, and accidental differences in the distance between them. They 
require a specimen, showing the quality of the iron to be used in the 
rails, to be sent to the office in Paris. The iron rails used by the Lyons 
and Orleans Kailroad, are several types of the American and of the 
double-headed rail. For the double-headed rails the length is 5 m. 
for nine-tenths of the order; the last tenth may be composed alto- 
gether or in part of rails 4.96 m. To facilitate the manufacture, 
one-thirtieth part of the rails may be admitted 3.75 m. For the 
American rail, on the Lyons road, the length is 6 m. for nine-tenths, 
and 5.96 m. for the last tenth ; one-thirtieth of the order may be in 
lengths of 5 m. and 3.75 m. The Northern Railroad contracts for 
rails of the American pattern of 37 kils. The normal lengths of 
this rail are 6 and 7 m. For a part of the contract which may not 
exceed one-tenth, and which is fixed by the chief engineer, the rails 
may be 6.96 m. to 5.96 m. long. One rail in twenty may be de- 
livered of a shorter length than these, and may be either 4 or 5 m. 
It is always understood by all the roads that the short rails are to 
be manufactured from the long ones, which have to be cut on account 
of defects at their extremities. All the roads stipulate that they may 
order a certiiin number of rails of exceptional lengths, providing 
that the greatest length shall not exceed 10 m. 

The Lyons road agrees to pay for all rails exceeding 6 ra. in length 
5 per cent, above the ordinary price. The Northern Ilailroad agrees 
to pay only 4 per cent. A toleration of two millimetres, greater or 
less, is accorded by the Lyons and Orleans Railroad in the length of 
the mil, provided that on the whole order it shall not exceed one per 
cent. The toleration fixed by the Northern road is never more than 
] h millimetres. 

All rails which have been manufactured in the trials of the rolb, 
and all others manufactured after the rails have been accepted, hot 
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which are not in accordance with the model furnished, are rejected. 
The companies are always at liberty to change the shape of the rails, 
providing always that the special expenses necessary for these changes 
sliall be allowed to the manufacturer. 

The weight of the rails is determined by the model, and is ascer- 
tained by trial of the first rails delivered. In the reception of the 
rails, a toleration of 2 per cent, above or below is allowed, providing 
that the weight of the whole contract does not vary more than one 
per cent. Within this limit of toleration, the rails are paid for at 
their actual weight. Above it, the iron is not paid for, and any rails 
outside of the limits, either Aveighing too little or too much, may be 
rejected entirely if the company think best. 

The blast-furnaces which produce the cast iron used are required not 
to use any ore which gives a brittle iron. If the rail is allowed to be 
made of different qualities of iron, the head must be fine-grained, but in 
general, the manufacture must be so conducted as to produce only fine- 
grained iron. It must be weldable, as hard and compact as the speci- 
men which is furnished to the manufacturer, and not cold-short ; in 
short, of a quality to resist the action of the wheels of the train without 
breaking, crushing, or becoming unw^elded. The Northern Railroad 
classifies the iron to be used into three distinct classes, namely : first, 
granular iron ; second, iron composed partly of grains and partly of 
fibres, and third, fibrous iron. In the packages for making refined 
iron, only first-class granular iron must be used. The Lyons Rail- 
road prescribes that the foot of the American rail shall be made of 
fibrous iron. It requires that the piles shall be composed of two- 
third puddled iron and one-third merchant iron ; that the width of 
the package shall be 20 centimetres at least, and its height 22 centim- 
etres, and that its weight shall be 40 kilogrammes heavier, at the 
least, than that of the rail. All the bars used in making up the dif- 
ferent layers must be of rectangular section. Each layer of pud- 
dled iron may be made up in width of two or three pieces at the 
most. The layers of refined iron which form the upper part of the 
package must all be of a single piece, and must represent one-fifth 
of the total weight of the packjige, in order to have in the section of 
the finished rail, on the surface exposed to the wheels, a thickness of 
at least one centimetre. The layers which are next to them should 
be ehtirely composed of the best puddled iron. All the pieces com- 
posing the package must be of a single length and straight. For 
the puddled iron, however, a few bars are allowed of two pieces, at 
the most, the smallest piece of which must be at least 30 centimetres 
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in length. They, however must be adjusted end to end, with care, 
in such a way as to leave the least possible space in the interior of 
the package. No joint in the package should be directly above 
another joint, and for this reason the bars of puddled iron should 
not be of the same width. Fibrous iron may be used only in the 
last third of the package. Between it and the two first layers, gran- 
ular iron only must be used. The Orleaas Railroad allows the rail 
to be made entirely of puddled bar, or with such a proportion of old 
rails as the manufacturers think best. The packages, of which the 
covering for the head is made, must be made exclusively of rectangu- 
lar bars placed together on the flat side, in regular layers, with cross 
joints, and each bar should be 54 mm. in width at the least. The 
packages for the head of the rail should be rolled flat, and not on the 
edges, so that the width of the covering will be parallel to the direction 
of the layers. The cover must be made of puddled iron of the best 
quality. It must be of a single piece, and represent one-third of tlie 
total weight of the package. The Lyons Railroad requires that the 
puddled iron used, either in the l)ody of the packages for rails, or 
in the manufacture of the merchant iron for covers, should be of 
good quality, carefully worked, and the edges of the bars should be 
smooth. When they are shorter than the package, they must be 
placed together carefully, end to end, in such a way as to leave the 
least possible space between them. In the works where the rails are 
rolled in a single heat, the packages must be turned in the furnace, 
end for end, when the heat is three-quarters finished. In the works 
where there are two heats, it must be turned at the commencement 
of the second heat. All the companies reserve the right to prescribe 
in what direction the packages shall be rolled, and all require that 
the name of the manufacturer must be engraved in the last curve of 
the rolls, so as to be distinctly seen in each rail. The dimensions, 
form, and comj)osition of the packages, as well as the drawings of 
the successive curves in the rolls, must be submitted to the com- 
pany, without, however, this diminishing in any respect the respon- 
sibility of the manufacturer. 

All the roads require that the mils shall be as carefully manufac- 
tured as possible, and that all those badly weldeil, laminated, 
cracked, or broken in any way, must be rejected. They require 
that they must be perfectly flat, both on the foot and head, and if 
they are not so, they must Ixi straightened on their four faces with 
the greatest ciire, or rejected. This straightening is invariably re- 
quired to be done, as far as possible, hot, immediately after the rails 
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leave the rolls. If they, afterwards, when cold, require to be 
straightened, it must never be done by percussion, but by gradual 
and slow pressure produced by means of a screw. 

All the surfaces of the rails must be clean and uniform. All the 
roads require that the ends of the rails must be cut off at a sufficient 
distance to be sure that the rail end is perfectly sound. All pro- 
jecting iron must be removed either with a file or a graver, and the 
ends of the rail must be square with its axis. They all require that 
the final length should be made by cutting one of the ends in a 
lathe, planing machine, or with a milling tool, in such a way that 
there shall be no tearing or any other alteration of the surface at the 
end, and that all excess of matter shall be removed with a file or 
graver, but on no account with a hammer. Reheating any part of 
the rail, either to cut off the ends, or for any other reason, is posi- 
tively forbidden, except in ease of temporary accidents to the ma- 
chine used for cutting them, and then, if absolutely necessary, only 
during the time that is strictly necessary to repair it. Every kind 
of refmir done to cracks or other inequalities in the rail, whether 
done cold or hot, is forbidden. 

Each extremity of the rail is pierced with two round holes, to 
receive the bolts of the fish-plates, the dimensions and position of 
which are fixed by a drawing furnished by the engineer. The 
Ijyons road provides that in some cases one of these holes may \ye 
half round. Two cuts of a rectangular form must be made at the 
extremity of the American rail to receive the wedges which prevent 
its motion forward, the position and size of which are also given. 
These holes and cuts may be made by any process which shall suit 
the engineer of the company, but in any case the edges of the holes 
and of the cuts must be filed smooth and not left rough. If the 
positions of the holes and cuts do not conform to the drawing, the 
rails may be rejected. The rails must be classified in series, accord- 
ing to the manufacture of different days. 

The Northern and Orleans Railroad require the rails to undergo 
the following tests. Each one of the rails selected for trial is placed 
on supports 1.10 m. apart, and must sustain, in the middle between 
the two supports, a pressure of 12,000 kgs. for five minutes, with- 
out preserving any sensible set after tlic test. The same rail, in the 
same position, must support during five minutes, without breaking, 
a charge of 30,000 kgs. The Orleans Railroad requires 25,000 kgs. 

At the Lyons Railroad, the rails are placed on supports 1 m. apart, 
and should support a pressure of 13,000 kgs. for five minutes, with- 
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out showing any perceptible set, and then for another five minutes, 
without breaking, a charge of 27,500 kgs. 

After these tests, all the companies require that the rail should be 
broken by an increase of the weight. The Northern and Orleans 
Railroad require, that each one of the two pieces of the rail broken 
should be placed between supports 1.10 m. apart, — the Lyons Rail- 
road makes the distance 1 m., — and should then support, without 
breaking, the shock of a weight of 200 kgs., — the Orleans Eailroad 
requires 300 kgs., — falling in the middle between the supports from 
a height of 2 m. for the Orleans Railroad, and for the Lyons and 
Northern Railroad, from a height varying, according to the tem- 
perature, 

From 0° C, and below, of 1.30 m. 

From Oo 0. to +20, of 1.50 " 

From +20° C. and above, of 1.70 " 

This variation is made as the rails are not considered as capable 
of resisting as great a strain in cold weather as in warm. All the 
roads require that for this test the two supports should rest upon a 
block of cast iron, weighing at least 10,000 kgs., placed ujwn ma- 
sonry at least 2.30 m. in diameter and 1 m. thick. The Orleans 
Railroad allows the foundation to be of oak or masonry. If one of ! 
the rails tested does not resist, the tests are continued upon a greater 
number. If more than one-tenth of the rails do not resist, all the 
roads reserve the right to reject the entire series. 

Provisional receptions are being made at the works, as the rails 
are manufactured, for the object of sorting, weighing, and markit^? 
them. Up to the time of their being sent to the company, the rails 
must be preserved in a dry place, and kept from oxidation as far ^ 
possible. Those accepted must be marked at their ends, and in cix^ 
the name of the works, made by a cutting in the last curvef of tl^® 
rolls, should not have come out in rolling, it must be marked co»^ 
in such a way that it shall be visible. The rails which have he^^ 
rejected must either be broken, or marked in such a way that tl^^ 
mark cannot be effaced. 

All the roads provide that the tools for making the tests, as al^^ 
all the labor of accepting and testing the rails, must be made at tl^^ 
expense of the manufacturer. The rc])ort of the tests and reception' 
are made every day. Every rail marked, and comprised within tl"* 
report of acceptance made at the works, becomes, by the act of receXf' 
tion at the works, the property of the company. 

All the roads require the manufacturers to allow the agents ^^ 
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gineers of the eorapanies to have free entry to the works during 
e time of manufacture, and to watch it day and night, if they wish 
ascertain whether the conditions of the contract are being carried 
t with respect to quality, resistance, and proper manufacture; but 
is understood that all observations or remarks which the agents of 
3 company have to make, should be addressed to the director of 
I works and not to the workmen. 

The manufacturer is made responsible for all delays which may 
iiilt from the rails de1ivere<l not being in accordance with the c^n- 
ct. The Orleans Railroad stipulates that, if there is any delay in 
i delivery of the rails, an indemnity of one per cent, per month on 
? price of the rails may be charged to the manufacturer. If after 
ving been notified that this delay is injuring the company, the 
mufacturer still delays to furnish the rails for a month longer, the 
iipany is at liberty to rescind the contract. 

The manufacturer takes all the risk and expense of loading, trans- 
rting, and discharging the mils up to a point agreed upon by the 
[upany for delivery, and he agrees to pile them there in regular 
es. 

The Northern Railroad requires that the rails must stand a wear 
at least two years without any alteration whatever. The Lyons 
lilroad requires that they shall stand the passage of at least 15,000 
lins. The Orleans Railway makes the life of the rail 2, 3 and 5 
ars, depending upon the traffic over the section of road on which 
is placed, and stipulates that this guarantee does not apply, in any 
ly, to provisional lines, nor to switehes in the quarries, etc., but 
ily to the main line of the road. The manufacturer agrees to 
ake a stipulated reduction in the price of the rails according to 
e number which have not resisted during the prescribed time. 
The Northern Railway requires that 10 per cent., at least, of the 
lis furnished are to be placed on the road in positions selected by 
e company, of which the manufacturer is to be notified. At the 
»d of two years, the number of rails which have undergone any 
ind of deterioration, such as crushing, unwelding, exfoliation, or 
Peaking, are counte<l, and allowance must be made for them by the 
manufacturer. It reserves the right to commence the testing of 
"la on the road-bed whenever it pleases, but agrees that the in- 
en[inity must be settled within two years, at the latest, after the re- 
'Jpt of the rails, whether the trial on the road is finished or not. 
he responsibility of the manufacturer does not cease until the rails 
ive been definitely accepted by the company. 
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All the roads provide that the reception of the rails by the coOi" 
pany does not diminish the responsibility of the manufacturer to re- 
place rails which break, either in transportation or within the times 
specified by the contract after they are laid. The Orleans Coinpaoy 
requires that broken rails shall be replaced within a month after tlie 
manufacturer is notified that they are broken. 

All the companies stipulate that no part of the contract can be 
sublet without the written sanction of the company. 

The Lyons and Orleans Railroad agree that 85 per cent, of the 
value of the rails which have been received at the works shall be 
paid in the course of a month, after their reception, 10 per cent 
within a month which follows the delivery of the rails at the place 
agreed upon by the company; the last 5 per cent, is paid by the 
Lyons Company on the final reception, and by the Orleans Company 
the year after the guarantee of the rails has been fulfilled. A cer- 
tain sum is fixed by the Orleans Railroad, however, which the last 
five per cent, shall not exceed, and when this amount retained ex- 
ceeds the amount stipulated, the second payment is raised to 15 
instead of 10 per cent. 

CONTRACr FOR STEEL RAILS. 

The contract for delivery of steel rails generally requires, that the 
rail shall be of the American pattern, a steel or iron profile of which 
is furnished to the manufacturers. It requires that this profile shall 
be followed exactly, throughout the entire length of the rail, so that 
there will be no alteration of the section, when the rails are cut to 
length. All rails w^iich do not fulfil this condition are rejected. 
A toleration of one per cent., however, at the greatest, is allowed. 
On the Lyons Railroad the rail weighs 35 kgs. They provide the 
foot of the rail shall be 100 mm. wide, its height 128 mm., and the 
stem of the rail 14 mm. thick. If the manufacturer makes a rail 
130 mm. wide, whose foot has been damaged in the rolls, they wiH 
allow him to plane it down to 100 mm., providing that all the de- 
fects are in this way removed. The Northern and Orleans Railroad 
do not prescribe the dimensions, but furnish the pattern which the 
manufacturer is required to follow. 

The normal length of the rail at the Northern Railroad is 8 ra., 
but one-tenth of the amount of the contract may be delivered in rails 
cut to the length of 7.96 ni. Besides this, another fraction, which 
varies from one-fifteenth to one-twentieth, may be delivered 7 ni., 
6 m., 5 ra. long respectively, the quantities of each length being fixed 
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by the company. At the Lyons Railroad the length of the rail is 
fixed at 6 m. for nine-tenths of the whole order; the other one-tenth 
may be composed in part of rails 5.96 m. in length. In order to 
facilitate the manufacture, one-thirtieth part may be acccj)ted in rails 
of a shorter length than 5.96 m., but it is understood that these rails 
shall be made entirely of rails intended to be 5.96 m., or 6 m. in 
length, which were cut off on account of defects in their ends. The 
number of these short rails is determined by the contract. All the 
companies stipulate that the short rails shall be made from rails in- 
tended to have been longer, but whose ends have been cut on account 
of defects. All the companies reserve the right to order longer rails, 
ft>r a certain price fixed upon beforehand. 

The rails are generally cut to length hot, as they come from the 
J'olls, by means of saws which cut both ends at a time. The definite 
length is afterwards given in a lathe, or milling machine, or by any 
other means which is not likely to injure the end of the rail, and 
which is acceptable to the company. The Lyons Railroad reserves 
the right of at any time modifying the shape of the rail, without 
the manufacturer being able to claim any indemnity, but the com- 
pany binds itself to accept all the rails made previous to the modifica- 
tion, and conformable to the present contract. The normal weight of 
^ metre of the rail is always established on the first delivery of 100 
x*ails, whose sections are conformable to the model. In the reception 
at the works, a toleration of 2 per cent, more or less is allowed, pro- 
vided that on the whole order the variation does not exceed 1 per 
oent. Over 1 per cent, the increase of weight is not paid for. 
-A rail which is too heavy, may be entirely rejected if the company 
See fit. 

The cast iron and other material, out of which the steel rail is to 
V>e made, must be made from ores sufficiently pure to be certain that 
t.he rail produced will be tenacious and hard. The cast steel manu- 
lactiired may be made either in crucibles or in furnaces, or by the 
^Bessemer process. Sometimes the contract specifies that they shall 
be of Bessemer steel. The operation must be conducted in such a 
way as to give first-class steel, fine-grained, homogeneous, hard, 
tenacious, and capable of being tempered throughout, when drawn 
out into bars of from 15 to 22 mm. square. In all cases the manu- 
facturer is required to furnish samples to which the rails must con- 
form. The manufacture of the rails is not allowed to commence 
antil a type specimen of the steel has been submitted to the engineer 
of the company. The ingots for the manufacture of the rail are 
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required to be of, at least, a single piece for each rail. The North- 
ern Kailroad, for the rail of 30 kgs., requires the section of the ingot 
to be at least 22 by 20 cm., if they are square, or if circular, a 
diameter of 23 cm. The Lyons Railroad requires for the rails of 
35 kgs., the rectangular ingots to have their angles rounded, to be at 
lea.st 25 em. square, or if they have a circular section, a diameter of 
at least 28 cm., and stipulates that the weight of the ingot must ex- 
ceed that of the rail to be manufactured by at least 35 kgs. The 
Orleans Company does not prescribe the size of the ingots. The 
section of these ingots may not be modified without the approbation of 
the engineer. After casting the ingots, the liquid metal must be 
covered over with a piece of sheet iron, and argillaceous sand most 
be thrown upon it and pressed down, so as to fill up the interior of 
the mould at the top. The ingots must be examined with care, and 
those which show blow-holes or impurities, or other defects, which the 
rolling will not cause to disappear, are rejected. Simple cavities, as 
well as thin edges of metal on the sides, whether caused by defects 
in the ingot moulds or not, must be cut off with the greatest care 
before the ingots go to the rolls, and over a suflScient space to make 
it impossible for the sides of the blow-hole or of the edges to tarn 
over. Any ingots showing cracks or breaks, or otherwise defective, 
are to be rejected. The ingots must he heated only suflRciently for 
them to undergo the o[K'ration of rolling, and the rolling must be so 
conducted as to get the exact form of the rolls, and every effort 
must be made to [)revent the rail from being bent as it comes out of 
the rolls. The Orleans Riiilroad requires, that in pase the manu- 
facturer carries on his works in two places, and that the ingots are 
made at a different place from that in which the rails are made, the 
ingots must be classified separately, and their place of manufacture 
indicated by marks, so that the agents of the company may be able, 
if necessary, to ascertain the history of their manufacture. One 
ingot out of every twenty castings is broken. If this ingot shows, 
in the part adjacent to the outside, blow-holes in any number which 
are more than 30 mm. in depth, the entire casting from which it 
came may be rejected. 

Tlie fracture of the rails must be fine-grained, nearly compact, 
entirely homogeneous, without brilliant white points rc»sembling the 
fracture of cast iron. The hardness is regulateil by the type speci- 
men which is furnished by the company. Repairing the rails, either 
cold or h(>t, is positively forbidden. The surfaces of the rails are 
required to be smooth and uniform. All the rails which show 
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tracks, breaks, lamellated surfaces, etc., coming from blow-holes, 
tracks, or flaws of any kind are rejected. Only such superficial cracks 
DF imjxjrfections are tolerated, as cannot in any way injure the 
strength of the rails. 

All the roads require that the rails shall be straight through their 
entire length, and that they must, as far as it is possible, be straight- 
ened on all the four faces hot, as they come out from the rolls. This 
must be done on cast-iron plates, or any other suitable bed arranged 
for the purpose, and the rails must then be placed on a solid struc- 
ture to cool. The final straightening, made when the rail is cold, 
must be made by a gradual pressure, without shock, and in i)erform- 
ing the operation the foot of the rail must be arranged in such a 
way that there will be no danger of cracks being produced in it. 

The ends cut off from the rails must be examined for texture, and 
if the quality is not sufficiently good, the rails are to be rejected. 
The length to be cut off from the ends of the rails, is 70 cm. for the 
extremity corresponding to the upper part of the ingot, and 30 cm. 
for that corresponding to the lower part. The hot rails, as they 
come from the rolls, are to have both ends cut with a saw. The 
final length is given cold in a lathe, planing or mortising machine. 
Heating the ends of the rails, in order to cut them, is positively for- 
bidden. Whenever the rails are cut with a saw, as they come out 
rom the rolls, their ends must be carefully dressed. Whatever the 
aethod of dressing the ends may be, it must be conducted in such a 
\ray as to make no alteration in the form of the end of the rail, and 
he method must always be approved by the company. The end 
urfaces of the ends of the rails must always be parallel and at right 
ngles to the axis of the rail. All superfluous metal must be cut off 
irith a graver or file, the use of the hammer for this purpose being 
positively forbidden. 

All the rails must have two square cuts at each end, and must also 
lave at each end two holes for the fish-bolts, which must be bored 
«rith a drill in the stem of the rail, in accordance with plans and 
Irawing which are given, and which prescribe not only the size and 
>lace of the holes, but also the methods of boring them. These 
loles must never, for any reason, be punched. The edges of these 
loles must be perfectly clean, and all superfluous metal must be 
emoved with a file. The Orleans and Lyons Railroad allows a 
oleration of only J millimetre in the distance and size of these 
loles. 

All the rails must have the name of the works, the year and 
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month of the manufacture, and the kind of steel, whether cas^^ 
Bessemer, or Martin, marked on them in relief. All these maris 
must be engraved in the rolls, except that denoting the nature of the 
steel, which may be made with a point after the rails are finished. 

All the rails are classified as soon as possible after they are made, 
so that they can be inspected and tested at the works, those made 
during one, two, three, or four days, or those from the same casting, 
being piled together. The engineer designated to receive the rails, 
takes from these piles a number of rails, and the corresponding rail 
ends, to be tested. The number is variable ; it is not more than one 
per cent, on the Northern Railroad, and not more than one-half per 
cent, on the Lyons Rxiilroad, while the Orleans Railroad reserves the 
right to test five per cent, of the rails, and their crop ends. The 
companies reserve the right of making tests on any other rails not 
comprised in these piles, provided the piece exi)erimented u{)on is 
0.70 m. in length, and without flaws. The tests are essentially 
the same in all the companies, but differ somewhat in detail, the 
differences corres|K)nding, for the most part, to the weight of the 
rail. All the companies use the same type of testing machine, and 
a weight of 300 kgs., which is allowed to fall on the rail from difler- 
ent heights. At the Lyons Railroad, where the rail weighs 35 kgs., 
each one of the rails selected from the piles to be examined, is placed 
upon its foot between supports, 5 m. apart, and should be able to 
support, for five minutes, a charge of 2500 kgs., without receiving a 
permanent set of more than 1 mm. The same mil, placed between 
supports 1 m. apart, must support for five minutes, in the middle 
between the supports, a pressure of 20,000 kgs., without receiving a 
permanent set of more than J mm. The same bar, in the same 
position, must support during five minutes, a charge of 35,000 kgs., 
which will then be increased until the mil breaks. At the Northern 
Railroad the tests of pressure are somewhat different. The rails are 
placed on supports 1.10 m. apart, and must support, in their middle, 
for five minutes, without receiving any permanent set, a pressure of— 

20,000 for a rail weighing 87 kg. 

18,500 ^' «' «» 35 " 

17,000 «» '' »« 30 " 

Without having a permanent set of more than 0.25 mm. a prc^^su^e 
of— 

35,000 for a rail weighing 87 kir. 

33,000 " «» «' 35 *« 

30,000 '* ♦' '♦ 30 " 
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The Orleans Railroad requires that the rail, placed on supports 
1.10 m. apart^ should support a weight of 16,000 kgs. for five min- 
utes, without preserving any set, and without breaking; a weight of 
35,000 kgs. also for five minutes. The pressure is then increased 
until the rail is broken. 

At the Northern Railroad each one of the halves of the rail so 
broken, is then placed between supports 1.10 m. apart, which are 
fixed upon a block weighing, at least, 10,000 kgs., supported upon a 
foundation of masonry, which must be 1 m. in thickness, and 3.3 m. 
square at the base, and must bear, without breaking, a weight of 
300 kgs. falling upon the middle of the bar, which, for a rail weighing 

37 kgs., must fall from a height of .... 2.50 m. 

86 »««<"" " 2.40 '* 

30 " " " *• " ...... 2.25 " 

The Lyons Railroad, for the rail weighing 35 kgs., requires a height 
of 1.70 m. 

The following table shows the permanent set which will be ad- 
mitted for rails of various weights by the Northern Railroad : 

Height of fall in metres, 1 150 2 2.25 2.40 2.60 

Permanent set in mm. for rails weighing 37 kgs., 18 6 10 
" " ** " »* 35 ** 1 3.83 7 11 

•« " " " *« 30 ** 1 8.60 8 11 

The Lyons Railroad requires the height of fall, 1.70 m. ; perma- 
nent set for rails weighing 35 kgs., not over 12 mm. The Orleans 
Railroad requires the rail to resist a height of 2.10 m. 

The elasticity of the bar will be shown by the way in which the 
height rebounds when it strikes. 

If one of the bars tested breaks l)elow 

^50 m., for a rail weighing 37 kgp. 

2.40 «««*«« " 35 " 

2.26 " «» «* " 80 " 

^1^ should preserve at this height, a permanent set of more than 2 
^m. beyond that indicated, the Northern Railroad requires the test 
^o be continued on a greater number of rails, and if more than 1-lOth 
of the rails tested do not resist, the entire pile from which they were 
taken is rejected. 

The Orleans Railroad provides that all the five crop ends of the 
rails selected may be broken by the drop-hammer, in order to ex- 
amine their texture, and that the rail corrc^sponding to the rail end 
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which has the worst fracture, shall be selected as the one to undergo 
the test of shock. If this rail resists, the rest of the series will be 
accepted, but if, on the contrary, it breaks, a second rail will be tried, 
and so on. If each one of the five rails breaks then the whole hnn- 
dred will be thrown out. At the Lyons Railroad, if one rail does 
not stand the test, all the rails from the same casting may be re- 
jected, unless the manufacturer desires to continue the testing open 
two other bars which, if they resist, will cause others to be accepted. 
At each casting, one ingot heavier than the others is required to be 
made, in order to get a sound rail of 70 cm. greater length than the 
others. This 70 cm. is at once cut off from the rail, and must cor- 
respond to the upper end of the ingot. 

The number of the casting, and the other marks made upon the 
ingot from which this end for testing was made, are reprtxluced upon 
the piece of rail. This piece of the rail is placed on two supports 
50 cm. apart, and must support the shock of a weight of 300 kgs. 
falling on the middle from a height of 1.30 m. The two supports 
are made of cast iron, with round angles, and rest upon the same 
kind of a foundation as that upon which the rails are tested. When 
this end of the rail does not support the test, a rail of the corre- 
sponding casting is submitted to the test of shock and flexure, and 
if it does not resist, the whole casting may be rejected. 

A piece of the head of the rail, at least 20 cm. in length, is then 
broken and heated to cherry-red and plunged into cold water, in 
order to get a hard temper. The surface of the piece should then 
be white, perfectly clean, and with difficulty touched with a file. 
If the steel is of good quality it should, during its immersion, pro- 
duce considerable noise, with slight explosion, and crack in several 
places. It must be broken afterwards in the middle, in order to 
judge of the degree of temper and the transformation of its tex- 
ture. A piece of the same rail, 3 cm. wide and 2 cm. thick, is then 
drawn out and submitted to the same test. The result should be the 
same, but the grain of the fracture should be much finer than that 
of the specimen of the rail tempered without being drawn down. 
The test of tem])ering is made upon one casting out of ten con- 
secutive ones. From a piece of the same rail a graver, a turning 
tool, a mortising tool, and a planing tool should be made. These 
tools, tempered in the ordinary way, should without breaking or 
bending, cut the outside bed of a white iron casting. The Or- 
leans Railroad requires that the rail should be forged from 20 to 30 
mm. square, and be tempered so hard that they will break easily. 
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'he fracture of the broken rail should have a fine uniform grain, 
nd a much finer texture than before tempering. A piece of rail is 
len rolled out to 75 mm. in length, and 1 em. thick, and made in 
le shape of a spring. The spring is laid upon supports and tested 
ath a weight placed upon its convex side, in the middle. The 
pring should be capable of being lengthened 4 mm. per metre, with- 
ut breaking. All the rails submitted to the test by shock should 
ndergo this trial. 

A provisional acceptance of the rail is made by the agents of the 
ompany at the works, and, so far as possible, as they are manufac- 
ured. The object of this is to sort, weigh, and mark all the rails 
t'hich fulfil the stipulated conditions. All rails which, either in 
ransportation, before or after being laid upon the road-bed, are 
roken within a certain specified time, must be replaced. The entire 
xpense of the apparatus for making the tests, as well as the labor 
f receiving and testing the rails, is borne by the manufacturer. All 
be mils accepted are marked at their ends, and those which are re- 
nted arc also marked in a way that will effectually prevent their 
ver being used on the road-bed. All of these marks must be easily 
»en, and must be made in such a w^ay that they cannot be effaced, 
'he Northern Eailroad requires a guarantee of the rails for six years 
•om the date of their manufacture, whether they are employed on 
le direct line or upon switches. The Orleans Railroad especially 
rovides that the guarantee shall not extend to rails laid in ballast 
Harries, or put down for the purpose of building any part of a new 
>ad. 

Every rail that during this time is broken, or becomes deteriorated 

I any other way than by ordinary wear, must be replaced by the 
lanufacturer. This exchange of damaged rails for new ones is ef- 
<5ted at places indicated in the contract. At the Lyons Railroad, 

II rails which are broken or injured before 15,000 trains have passed 
v^er them must be replaced. Whatever may be the cause of the 
•acture, all the rails broken within a period of 3 years and 3 months 
fler they are delivered must be replaced, or, if the manufacturer 
oes not care to replace them, he may indemnify the company in 
loney. In order to ascertain what this is likely to be, 5 per cent. 
f the rails delivered may be placed by the company on its line, on 
iirves, or wherever else it shall be judged most convenient, and the 
lanufacturer is notified of these places. At the expiration of the 
elay necessary for the passage of 15,000 trains, all the rails which 
bow a commencement of deterioration, like crushing, want of proper 
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welding, exfoliation, fracture, etc., comprising those which have been 
already replaced, shall be noted. 

The proportion which is fixed in this way, is applied to the entire 
order. The indemnity for every ton of rails, without taking into 
consideration rails which may still be used by being made shorter, 
is fixed by contract and is intended to represent the difference in 
value between a ton of the new rails and a ton of the rejected rails, 
both delivered in the depot nearest to the manufacturer; but the 
rejected rails, except the broken ones which are replaced, will remain 
the property of the company. The rails must be delivered on the 
cars at the railroad station nearest to the works of the manufacturer, 
or deposited in regular piles, which can be easily counted, at some 
other place, if so indicated by the contract. Transportation from 
the works to the place of delivery is in all cases to be made at the 
risk and expense of the manufacturer. 

The payments are made at Paris. The Lyons Railroad pay 95 
per cent, of the value of the rails at the end of a month after their 
delivery, the other 5 per cent, after their final reception. Both the 
manufacturers and the railway companies are exceedingly particular 
in their instructions with regard to the treatment of rails in trans- 
porting them on the cars, and particularly in discharging them from 
the cars ; throwing the rails or allowing them to fall from any height 
being most positively forbidden. 



The care of rails is, in some instances, even carried to excess. 
Some companies who distribute their rails at certain points along 
the road, in order to provide for possible accidents, house beside the 
track all the rails so distributed, in order to prevent oxidation. This 
housing is, certainly, very desirable in the winter-time, when the 
rails arc likely to become frozen together, but it does not seem neces- 
sary for the cause assigned, for the danger from oxidation, except in 
contact with acid waters, is exceedingly trifling. The rails broken 
upon the road are usually brought to the worksho})S of the main 
office of the road, and the pieces tested. It is very rare that the 
pieces so tested do not resist a force superior to that required by the 
contract. 

As an example of the way in which this testing is done, and the 
care which is taken to see that all the rails are up to the required 
standard, I give below two examples of the details of testing broken 
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lis. These experiments were made at my request, and in my pres- 
ice, under the direction of Mr. Contamin, who had charge of that 
jpartment, at the works of the Chemin de Fer du Nord, at Ermont, 
jar Paris. 

Both the rails tested were of steel, and had been broken on the 
ad while I was in Paris, and were sent to the works at my request 
r the purpose. The first experiment was made upon a rail weigh- 
g 35 kg. per metre, manufactured at Creusot. This rail had been 
)wn one year. It was found broken 2.15 m. from one end. The 
acture was uniform, and without blow-holes or dark spots. The 
wer part of the fracture on the foot of the rail was quite smooth, 
hich seems to show that there had been more or less vibration at 
at point, and that the fracture had commenced there. Both pieces 
' the rail were tested. One of them was 5.75 m., and the other 
15 m., so that the rail was originally 7.90 m. in height. 

Test of the Piece 5.75 m. in length, broken on the Road. 

The piece of the rail was placed upon supports 1.10 m. apart, 
id subjected to the fall of a weight of 300 kg. under the exact con- 
tions of the contract, the results of which are given in the table 
ilow : 

sight of fall, 1 m. 1.50 ra. 2 m. 2.26 m. 2.50 m. 8 m. 8.26 in. 

trmanent set, 1 mm. 7 mm. 16 mm. 24 Dim. 88 mm. 44 mm. broke. 

The rail, when struck by the weight, gave out a silvery sound, 
id was so elastic that when struck from a height of 1.50 m., the 
eight rebounded several times at each stroke, and the rail turned 
>ttom up in the supports, so that the head was down. The rail 
Eus always replaced in its proper position when it turned over. At 
e height of 3 m., the rebounding weight falling upon the rail 
hich had turned when the weight first struck it, so that the foot of 
e rail was uppermost, but the rail was not horizontal, broke off a 
ece of the foot, for which reason the rail broke at that point at the 
jxt fall, which was 3.25 m. This piece of the rail was now broken 
to two pieces, which were 2.45 m. and 3.30 m. in length. Both of 
ese pieces were tested. 

Testa upon the piece 2.45 m. in length. 

Height of fall, . . 1 m. 1.50 m. 2 m. 2.26 m. 

Permanent set, . 4 mm. 10 mm. 22 mm. broke. 

8 
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It will be noticed that the permanent set here was much greater 
than in the case of the first piece, but the rail did not break until it 
arrived at the limit required by the contract. The fracture was light- 
gray, but dotted with small brilliant points which did not appear in 
first test. 

Test on the piece 3.30 m. in length. 

Height of fall, 1 m. 1.50 in. 2 m. 2.25 m. 2.50 m. 8 m. 8.25 m. 

Permanent set, 3 mm. 5 mm. 10 mm. 16 mm. 20 mm. 28 mm. broke. 

It will be noticed that the set in this case is very much less than 
in the former tests. The piece was so elastic, that the weight re- 
bounded from it, and from 2 m. onwards the rail turned over, after 
every stroke of the weight. The fracture was entirely regular, and 
similar to the fracture of the first piece. 



Test of the Piece 2.15 m. in length, broken on the Road. 

Height of fall, 1 m. 1.50 m. 2 m. 2 25 m. 2.50 m. 8 m. 8.25 m. 

Permanent set, 6 mm. 16 mm. 86 mm. 54 mm. 74 mm. 9S mm. 120 mm. 

The sound produced by the fall of the weight was not so sonorous 
as in the former cases. The rail did not turn over in its support, 
and the weight did not rebound until after the second shock, and 
then only once after each shock instead of several times as in former 
cases. When the flexure of the rail had reached 120 mm., it was 
so much bent, that it touched the bottom between the two supports. 
It was then turned over and straightened, by allowing the weight to 
fall upon the foot. After three successive shocks from a height ot 
3 m., the rail became perfectly straight, but at the last shock a piece 
of the foot 15 cm. in length was broken off. The rail was then 
placed with the head up, but the first blow from a height of 3 m. 
broke it. The fracture was clear gray without brilliant points, but 
appearing as if the crystals had been elongated. This test sho\^*s a 
very extraordinary resistance to rupture, within 85 cm. of the point 
where the rail broke upon the road. 

This rail was thus broken five times, once upon the road and four 
times in these experiments. Although the resistance to rupture in 
the four experiments is very unequal, and the different parts of the 
rail seem not only to have a different resistance, but a different 
elasticity, they are all within the limits prescribed by the contract; 
and, therefore, in a commercial sense, the original fracture cannot be 
said to be owing to the inferior quality of the rail. 
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The fracture on the road was probably caused by an imperfection 
lich was undoubtedly commenced in a small crack, probably pro- 
ced either in straightening the rail, or in discharging it from the 
:^. The irregularity of the resistance was so great that I had 
ices cut off near the breaking points of each one of the pieces of 
Js, preserving the fractured surface on one side. The other side I 
d polished so that it might be etched by acids. In this way I 
ped to discover any irregularity of texture. 

The other rail broken was manufactured at Terrenoirc and had 
en in use 16.5 months. It was laid on the 16th of December, 
72, and taken up broken on the 15th of April, 1873. The frac- 
re commenced in the body near the head, and just above the fish- 
ite holes, and extended from thence a short distance, parallel to 
2 head of the rail, and then curved irregularly until it reached the 
>t, 40 cm. from the end of the rail. It was placed on supports as 
ual and broken. 

Test of the Rail. 

Heigbtof fnll, . . 1 m. 1.50m. 2 m. 2 25 Di. 2.50m. 

Pcrmunont set, . . 2.8 mm. 6.7 mm. 12.1mm. 17 mm. broke. 

The half towards the end which had been broken on the road 
as now placed between supports and broken. 

Heigbt of fall, . . . 1 m. 1.60 m. 2 m. 2.25 m. 2.50 m. 

Permanent set, . . 2.9 mm. 6.7 m. 12.9 mm. 19.6 mm. broke. 

It will be noticed that the sets in this rail, with the exception of 
e last one, were almost absolutely identical. The rail appeared to 
! uniform throughout. The fracture showed a clear grain, some- 
bat larger than the rail from Creusot, with elongated crystals. 
)th pieces of the rail showed a resistance greater than that required 
' the contract, but it is still, however, in general, less than that 
lich is shown by most rails which are broken, and less than that of 
e rails ordinarily furnished from Terrenoire. 
It must be seen, as a result of these experiments, that so far as we 
e able to ascertain without chemical analysis, the probable cause 
the fracture was in these instances improper handling of the rails, 
certainly was not due to any defect in fulfilling the conditions of 
e contract. 
The following information, with regard to the method of piling 
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rails in Germany, was collected at my request by W. A. Smith, E.M., 
at that time attached to the United States Legation at Berlin: 

koniqshutte, in silbsia. 
Fig. 1. 

Dimensions in millimetres. 




Scale of ^. 

a. Fine-grain tougb head-plate, rolled out of n package of puddlo-bars. 

b. Foot-plate, rolled out of good tough puddle-bars. 

c. Inserted bars, rolled out of good tough puddle-bars. 
d^ (i^. Soft fine-grain puddle-bars. 

dd. Ordinary puddle-bars. 

In the finished rail : the head is three times reheated iron, the 
web is once reheated iron, the foot is twice reheated iixjn. 

These works guarantee the rails for three years on levels over 
which not more than 16,000 axles pass daily. 

The package is heated, hammered under a 4.5-ton hammer, again 
heated, and rolled out to the finished rail. These rails are guaran- 
teed for five years, provided not more than 16,000 axles daily pass 
over them. Rails with a fine-grained iron head are guaranteed for 
four years under the same conditions. 

To form the head-plate a in Fig. 3, the package Fig. 2 is used. 
This is made of the best sorted puddle-bare, the side-plates — shaded 
in Fig. 3 — being of once reheated iron rolled into the above form. 
In the head-plate, the longer edges of the original puddle-bars are 
placed vertically. The package Fig. 2 is heated, hammered under a 
6-ton steam-hammer, and rolled out to a. Fig. 3. In Fig. 3, the 
plates b b are of once reheated good iron. This package. Fig. 3, is 
heated, hammered under a 6-ton steam-hammer, again heated, and 
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d out to the finished rail. These rails are guaranteed for three 

i in Germany only. 

'. case the head is of steel, the packi^ is made in the same way. 
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Scftleor^. 
'. 2. Pncknge of puddled etect bars which is rolled out to a bar of 0.210 m. 
f8| lo form the hend plnte n in Fig. 3. In the pnokago, Fig. 3, nrd in the 
?d rail, the longer sidns of the lections of piiddle-bura would occiijiy a 
si poiitiun. 
. 3. a Steel head-plnle, rolled out of puddled ateel bara. 

*. Twice reheated tough iron. 

c. Puddle-bars. 

head-plate is rolled out of puddled steel bars ; and, to secure s 
weld, the bars cc, are of fine-grain puddled iron. The rails 
uaranteed for five years in Germany only, 
le shaded loupe-bars are of puddled steel, the others of tough 
For the better formation of the foot of the rail, the bars b b, 
f reheated tough iron. The package is twice heat«d and liam- 
d under a 6-ton steam-hammer, is again heated and rolled out 
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to the finished rail. After the seconil hammering, the package has 
a cross section of 0.183 XO.183 m. These mils are guaranteed fnr 
five years, provided they are not used about stations or on grades of 
1.6 or above. 

To form the head-plate a in Fiff. 5, the package Fig. 4 is used. 
This is made of the best sorted puddle-bars, the sido-plates, — ehiidcd 
in Fig. 4, — being of once reheated iron rolled into the above form. 



Dlnwn^oni in sil 





In the hoad-plafe the longer edges of the orginal puddle-bars iire 
placed vertically. The package Fiir. 4 is heated, hammered under 
a 6-ton steam-hammer, and rolled oiii to a, Fig. 5. In- Fig. 5, the 
plates bb are of once rcheate<l good iron. This package, Fig. 5, 
is heated, hammered un<ler a 6-ton stuam-hammGr, again heated, aiid 
rollc<I out to the finished rail. These rails are guaranteed for thr« 
year.s in Germany only. 

In case the head is of steel, the package is made in tlie same way. 
The hcitd-plate is rolled ont of puddled steel bars ; and to secure n 
good weld, the bars c c are of line-gnuu puddled iron. These rails 
are guaranteed for five years in Germany only. 
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HOBBDBR B1BOWBBK8- UND BilTTEH VeKIIN, WlSTPHlLIl.. 

Fio. 6. 

mmcnaloDa Id miUlmetreB 



Is 



^ 1., 



The shaded loupe-bars are of puddled steel ; the others of tough 
iron. For the better formation of the foot of the rail, the bars a a 
are of reheated tough iron. The paek^e is twice heated and ham- 
mered under a 6-ton steam-hammer, is again heated and rolled out 
to the finished rail. 

After the second hammering the package has a cross-section of 
0.183 m. X 0.183 m. These rails are guaranteed for five years, pro- 
vided they are not used about stations or on grades of 1.6 or above. 

As it is important to ascertain the cause of fracture, in order to 
avoid it, I made an effort to get from all the roads a complete his- 
tory of rails broken, aa far as it was possible, and also to collect the 
records of the mean temperature of the month and year, and other 
details as to whether the rail was broken on the inside or outside of 
a curve of a given radius, or by a train going up or down a grade. 
Such a history was compiled for me liy the Paris and Lyons Rail- 
road, for three of its auxiliary lines, month for month, for the years 
1869, 1870, 1871, and 1872, and merits a most careful and attentive 
study. The first and third of these roads used the iron double- 
headed rails, exclusively, up to the year 1872, when the Geneva line 
commenced by putting down 15J kilometres of steel rails. The 
Tarascoii line has used them since 1869, in small quantities at first, 
but gradually increasing them until, in 1872, there were twenty-one 
kilometres of steel rails on the line of the road. The St. Germain 
line had not used steel rails up to 1872. 
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Slaiieiice of Raih broken per month on three of the Auxiliary Una of 
(he Lyons Railroad. 
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St43t'uiiux of Rails broken per month on tliree of the AnxUtat^ Lines of 
the Lyons Railroad. 

LtHE FROM Tarascoij TO Cette. — OmUnutd. 
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Becapitvlaiiim of RaVa broken per year on the Auxiliary Lines of Ik 
Paris and Lyons Railway. 

LlNB rROM AHBERlBn TO QBNBVA.* 
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The following table shows the relative proportions of the different 
iron and steel rails laid down on these lines, and the relative pro- 
portions of iron rails broken in the four eold months, as com|Mired 
with the eight others. It is remarkable to see, in tliis table, how 
mueli better the Aineriean rail resists than the double-headed. 

The line from Aniberieu to Geneva has in plan no curve with a 
radius inferior to 400 m., and in profile it has no elevation wlileh 
exceeds 0.013. This line, therefore, represents the mean of the 
lines of large curves and small inclinations, and lines of large cunes 
and great inclination. 

It is traversed bj- two expresses daily, tliat of Geneva and that of 
Italy, wliich go at the rate of 50 to 55 km. per honr, and frequently 
at as high a speed as 75 to S2 km. The traffic is very great. 
Througliont tlio length of this line there is a very great variation 
in temperature in the different seasons. In summer, the teiin)era- 
ture is 35° C. ^ 95° F,, and the greatest cold of winter is — 18° C. 
= 0°F. 
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Tlie line from Tarascon to Cette is one of thelioes of large curves 
and small inclinations. The speed is the same as for the Geoevi 
line, but the quick trains are heavier. The traffic is great, though 
not as great as on the Geneva line. The temperature is rather bol 
than otherwise, and there is no very great amount of cold. 

The line from St. Germain -des-Fosses to Brioude has a great many 
curves, a very large number of which have a radius inferior to 
400 m., several of them below 300 m. The maximum inclination 
is not over 0.010. The least speed is generally 40 km, the hour, and 
the greatest is aitcidental ly 60 km. The traffic is less than tliat 
upon the previous line; but about the same as that of the Geneva 
line. The temperature varies from 35° C. = 95° F. to —10" C. = 
14° F. 

It will be seen by the table given below that on the Geneva line, 
where the greatest cold occurs, by far the greater portion of the 
rails were broken, during the four years, in the months of January, 
February, and December ; that on the St, Germain lino, where llie 
nest lowest temperature occurs, they were broken in November aud 
December; while on the line where the temperature is about equal, 
thoy were broken in January and December ; or, in general, that 
the cold months are those in which the greatest number of fraduns 



Recapitulation of the number of Rails broken per tnonih on the 
Auxiliary Lines of the I/yons Railroad, 
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The same results are shown by the statistics which were collect™ 
for me by the Orleans Company for the years 1864 to 1872, which 
show as to the mean of all the years, that the greatest nnmWot 
rails broken was in January, aud that about the same number wew 
broken in the months of February and December, March and Jio- 
vembor, and April and October. It then seems to increase in May, 
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io diminish in June, to increase in July, then suddenly to fall in 
&.ugu9t, to gradually increase again to its masimum in January. 

Iron Sails broken, per moiUk, on Vie Principal Roads on the Lines of 
the Orleans Company of France during the years 1864 (o 1872: 





Kilnm. 




Vui,ll;« or R» 


11, b 


..iTP 






111. moDtlis 




Total 










scar.:' 

tolbelOOkllo- 
mclre»ot™iii. 


Yem™. 


ir 

1 

1 
1 


1 

M 
10£ 

1 


a ■< 

11 

ii;i| 84 


1 

! 
i 


1 

1 


1 

-IB 


1 
1 

i 
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4S 


1 

as 

1 

i 

49 


64 

M 

1 


i 


1 


IMS 

IBM 

1871 
Mvan 


1 
S 

4:710 


»49 

849 

1,39* 
1,SH3 


ate 

IH.9 

2(Lf 



The following statistics were collected, at my request, with refer- 
ence to two double-headed iron rails. No. 1 and No, 2, which were' 
broken on the Lyons Kailroad, sections of wliich were prepared for 
etching and were to have been examined. They are exceedingly in- 
teresting, aa No. 1 shows an unusual life, though not so great as the 
life of some of the Belgian rails cited further on. The tonnage 
passed over it, however, was not equal to that required by the 
Northern Railroad for the best iron rails. No. 2 did not last so 
long as No. 1, but still much longer than the ordinary iron rail. 
The amount of tonnage which passed over it is very small. Rail 
No. 1 was 13 cm. high, 6 cm. in its widest part, and 20 mm. in the 
body of the rail. It weighed 37.50 kgs. per m. It was made at St. 
Jacques, Montlu9Dn, was laid in December, 1862, and was broken 
January 12th, 1874. It was therefore 11 years and some days old. 
It was placed upon a straight line with an incline of 0.004. 

The total amount of toun^e which passed over it, was 16,761,677 
tons, as is shown year by year in the following table: 

Rail No. 1. 



ypur. 


Tonfc 


Te.r. 


Tnni 


1803,. 


. l,6iri,680 


1869, . 


. 1,665,115 


18fi4, . 


. 1,418.820 


1870,. 


. 768,658 


1865, . 


. 1,857,650 


1871,. . 


. 1,767,651 


ieC6, . 


. 1,868,210 


1872, . 


. 1,866,881 


1867,. 


. 1,486,785 


1873, . . 


. 1,952,948 


1868, . . . 


. 1,647,673 


1874, . 


125,670 




8,644,818 


ToUl, . 


. 16,761,677 
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Rail No. 2 was 13.24 cm. high, 6 cm. in its widest part, and 18 
mm. in the body of the rail, and weighed 36 kg. the metre. It was 
made at Fouchanbault, in March, 1868, and broken in July, 1873, 
after having been five years and two months in use. It was on a 
straight line with an incline 0.003, and the total tonnage which 
passed over it was 2,647,433 tons, as is shown year by year in the 
following table : 



RaU No. 2. 



Year. 

1868, 
1869, 
1870, 
1871, 



Tods. 

838,407 
681,952 
627,060 
606,746 



Year. 

1872, . 

1878, . 

Total, . 



Tods. 
480,583 
262,695 

2,647,433 



The Central Railroad of Belgium, is 591 kms. in It^ngth, and uses 
six different kinds of rails, whose weight, and the number of kilo- 
metres used of each, is given in the table l)elow. 



Kind of rail. 



Doublc-hoaded, with each head alike, . . 

tl (( U it (I (I 

*' " " heads of difTcrent size, 
American rail, 

U ti 

U l( 




Lengths laid dovn 
in Iciloiuetres. 



18 
163 

89 
252 

76 
3 



Besides this there are 141 kilometres, not included in the above, 
on side tracks and switches. It is found every year, as will be seen 
by the table, that the quality, or rather the power of resistance of 
iron rails decreases, which may be due in part to increase in traffic. 
On this road the iron rails are usually guaranteed for thiTc years. 
There were, consequently, in 1870, the rails furnished by the con- 
tracts of 1867-68-69 to be examined. The following table gives the 
result of this examination of the rails, made for the year 1870 : 



Year the rail 
■was finished. 



1807 
1808 
18G9 



Years of 
wear. 



3 
2 
1 



Rails rojoctod 

on (V)n tract 

No. 1. 



*10.63 perct 
131.26 '♦ 
*2.76 <* 



Rail.'* rejected 

on Contract 

No. 2. 



*31. 22 perct 
*42 28 
*3.33 



t( 



(( 



Rails rejected 

on Contract 

No. 3. 



JO. 89 



Mean for the 
year. 



13.89 perct. 
34.39 
2.88 



(% 



(( 



• Hammered. 



t Rolled 



X Steel 
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The contract No. 3, for the year 1869, was for Bessemer steel rails, 
which are guaranteed for seven years, and had six yeare yet to run. 
It shows an exceedingly small proportion of rejected rails. The 
contracts No. 1 and 2, for all the years, were for iron rails. The 
guarantee for iron rails is for three years, but in order to ascertain 
exactly how the rails wear out, the revision is made every year, and 
kept up each year after the term of guarantee expires. The follow- 
ing table gives the results of the revision of iron rails made in 1870, 
for each year from 1865 to 1869 : 

Situation of Iron Rails, guaranteed for three years, on the Grand 
Central Railway of Belgium, in the year 1869. 



Year the 


Number of 


rail was 


ytiars of 


laid. 


service. 


1865 


5 


1866 


4 


1867 


8 


1868 


2 


1869 


1 



Percentage of 
rails taken up. 



58.92 

48 99 

2.66 

6.15 

0.29 



Percentage of 
rails damaged. 



18.62 
20.79 
11.84 
28.24 
2.59 



Total percentage 

of rails taken up 

or damaged. 



77.54 
64 78 
13.87 
34.89 
2 88 



Pe rcen tage of good 
rails remaining 
upon the road. 



22,46 
85/is2 
86.11 
65.61 
97.12 



Comparing these figures with those found as a result of the re- 
vision of 1869, the following result was found for the year 1870: 

Situation of Iron Rails, guaranteed for three years, on the Grand 
Central Railway of Belgium, in the year 1870. 



Year the 


Number of 


rail was 


years of 


laid. 


service. 


1865 


6 


1866 


6 


1867 


4 


1868 


8 



Percentage of 
rails taken up. 



17.77 

36.20 

1.88 

6.00 



Percentage of 
rails damaged. 



8.25 

6.66 

8 61 

17.58 



Total percentage 

of rails taken up 

or damaged. 



26 02 
42.86 
10.49 
22.58 



Percentage of good 
rail:) remaining 
upon the road. 



73 98 
57 14 
89 51 
77.42 



The revision of the rails laid down in 1867, at the expiration of 
the three years' guarantee, gave very different results for the two 
works which furnished the iron rails, as is seen by the table, the 
one giving a loss of 31.22 per cent., and the others a loss of 10.63 
per cent. The first of these are rails which were rolled, while the 
others were hammered. Of the 10.63 per cent, rejected of the ham- 
mered rails, there were only 1.37 per cent, which required to be re- 
moved from the road-bed. The other 9.26 per cent., although re- 
jected, did not need to be taken up. They can still be used for a 
long time on the road. The greatest confidence in these hammered 
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iron rails is expressed by the Belgian engineers, as being far superior 
to any of those which are rolled. 

Of those which were laid upon metallic ties, at the end of three 
years' service, there were only 2.49 per cent, rejected, and not a 
single one of these was taken off the road. Of those which were 
laid upon ordinary ties of wood, there were 12.44 per cent, rejected, 
of which 1.76 per cent, had to be taken off the road altogether. As 
these rails are placed in positions which are identical, and were made 
by the same works, the difference in wear can only be attributed to 
the greater stability of the road-bed due to the use of metallic ties. 

The results of the examination of the rails laid in 1868, after 
being down two years, are very bad, but this was expected, as they 
showed very bad wear, after one year's use, resulting from very 
defective manufacture. This defect having been remedied, the ham- 
mered rails for 1869 showed only 2.76 per cent., and 3.33 percent, 
rejected, or for the year only 3 per cent. ; of which only 0.30 per 
cent, were removed from the road-bed. Whatever may be said in 
favor of these hammered rails, they are not to be compared with 
Bessemer steel rails, which after one year of use showed only 0.89 
per cent, of rejected rails, not one of which had to be taken up. It 
will also be seen by the tables, that the number of rails taken up 
relatively to thase which are damaged, increases very rapidly from 
year to year. Thus after one year, about 10 per cent. ; after two 
years, 18 per cent. ; after three years, 18 per cent. ; after four years, 
19 per cent. ; and after five years, 79 per cent, of the damaged rails 
remaining on the road were taken up. It will be seen by these 
tables, that there remained upon the road-bed, in 1870, only 22 to 
35 per cent, of the rails laid down in 1865 and 1866, that is to say, 
that the life of these iron rails was only four or five years. These 
facts, taken in connection with the results shown in all the compara- 
tive tests between iron and steel rails, seem to show that it is extrava- 
gant to use iron rails under any conditions. 

The Belgian engineers speak in the highest terms of metallic ties, 
and were making a great many experiments upon the subject, the 
results of which have not reached me. They were tried extensively 
in Germany, and I was informed by the engineers at Krupp's works 
that they had definitely abandoned the use of wooden ties. I noticed, 
in 1873, that some of the German roads near the French frontier, 
which had commenced to use them, had taken them up, but I could 
not ascertain the cause. 

I am indebted to Mr. G. Schorn, Government Engineer of Mines 
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t Li^ge, Belgium, for the following statistics with regard to the life 
•f iron rails on the state railways of Belgium, for the year 1869. 
These statistics are particularly interesting, since they give not only 
he life of the rails but the total amount of passenger and freight 
raffic over the road for the year. It is, however, always a vicious 
►ractice, to give the life of a rail in years, for this does not necessarily 
ignify anything, for it is evident that a rail may be laid in some 
►art of the road where there is not much traffic, and consequently 
aay last indefinitely. The only proper way to express the life of a 
ail, is by the number of tons traffic which has passed over it. 

The rails which are used on the state railways of Belgium are of 
ive kinds ; two kinds of X-rails, two kinds of double-headed rails, 
nd the ordinary American rail. The X'^'ls ^re of iron, and have 
he stem below the head, either undulated or straight, and are laid 
Q cast-iron chairs, which support nearly the whole of the vertical 
►art of the X* * These X'^ails were the first kind of rails ever 
aanufactured, and as they were made at a time when cheap rails 
vere not so much sought for as now, it is not at all surprising to see 
hat they have a life which no rail made in modern times has ever 
et attained, though it is quite probable that the steel rails will out- 
ast them. Such rails as these were formerly used in this country, 
nd have given results quite similar to these which are given abroad. 

The double-headed rails are either symmetrical, or not symmet- 
ical. The fifth kind of rail is of the ordinary American pattern, 
^hich they had commenced to use eight years previous. These 
ails are laid upon ties which are 0.90 m. apart, that is to say, there 
re 1760 ties for an English mile, instead of 2640 ties, as is com- 
nonly the case in the United States. 

The following table gives the weight, per metre, of these different 
ails: 

Weight, per mdrey of the Different Rdils used on the State Railways 

of Belgium, in 1869. 

T* rails with a curved stem, 19 to 22 kil. 

T-rails with a straiifht stem, 26 to 27 " 

Double-headed rails with symmetrical heads, . . 88.6 ** 

Double-headed rails with dissimilar heads, ... 34 «* 

Ordinary American rail, 87 " 

The following table gives the number of passengers, first, second, 
nd third class, carried by express, ordinary, and special trains over 
he road, showing a total traffic, over a road 863 km. in length, of 
3,500,000 passengers : 

4 
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Passenger Traffic on the State Railways of Belgium for the year 1869. 

Total Length of the Road, 862,666 km. 

Number of Paaaengera Carried during the Year. 

f First class. 
By Express trains, •! Second class, 

V Third class, 

{First class. 
Second class. 
Third class, 
f Children, 
By Special trains, J Soldiers, 

I Civilians, 

18,577,016 



883,749 1 

868,841 

670,291 




1,407,881 




554,681 ] 
1,564,238 } 
9,684,759 ' 




11,803,682 




185.495 \ 
109,698 [ 
120,865 ) 




865,453 





The following table gives the total quantity of freight carried over 
the same road, for the same year : 

Quantity of Freight carried during the year 1869, on the State Bail- 
ways of Belgium, 

First class, 882,790 tons. 

Second class, 414,280 " 

Third class, 546,296 " 

Fourth class, 1,724,911 " 

Special freight, 780,087 '* 

Freight transported at a reduced price, .... 95,103 *' 

Freight by contract, 78,000 '* 



Total, 

Smallest quantity sent at any one time, . 



4,021,417 " 
103,172 " 



The following table shows the entire distance, in kilometres, which 
every kind of train traversed : 



Distance traversed by every Class of Trains during the year 1869, on 

the State Railways of Belgium. 



Passenger trains, 
Freight trains. 



/-Ordinary, 


. 8,880,866 km. ^^ 


■ Express, . 


. 1,145,010 •* . 


.Special, . 


43,125 " J 


/Special, . 
I Ordinary, 


. 295,946 " 'I 


. 4,274,080 " / 


Total, . 


. . . • 



6,069,001 



9,638,977 
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The following table gives the number of kilometres of traffic, 
ich the rails, taken up from the road, supported. It is very in- 
?sting to notice, in this table, that the service of the rail gradually 
reases up to thirteen years, and then gradually diminishes, until 
mounts to almost nothing ; but even this life of thirteen years is 
St extraordinary for an iron rail, even though the amount of ser- 
3, during this time, should not have been so very high. The 
nber of tons carried over each rail is wanting. It is, however, 
essary for the proper interpretation of the table, although sup- 
ing the service of the rails to have been the same in all cases, as 
mdoubtedly was, a relative view of the life of the rails is shown 
:t: 



ar of Rails taken up from the State Railways of Belgium in 1869. 



iibcr of years 


1 

Length of rails in 


Number of years of 


Length of raib in 


of service. 


metres. | 

1 


senriec. 


metres. 


i 


1,863 


16 


238,^37 


1 


4,417 


17 


299,186 


2 


11,128 


18 


205,642 


3 


9,703 


19 


144,802 


4 


29,897 


20 


76,007 





67,808 


21 


40,454 


6 


126,278 


22 


17,668 


7 


95,051 


28 


28,432 


8 


120,999 


24 


21,050 


9 


143,272 


25 


8,697 


10 


171,638 


26 


6,709 


11 


854,804 


27 


8,384 


12 


403,159 


28 


8,658 


13 


496,419 


29 


1,401 


14 


417,292 


80 


919 


16 


888,261 


81 


1,194 




Total, 




8,870,618 



rhe following table gives the service already rendered by the 
Is remaining upon the road. The increase is much less regular 
n in the previous table, although it is very noticeable, that after 
rteen years it diminished, though not so regularly as in the former 
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Wear of the Rails remaining on the State Railways of Belgium in 1869. 



Number of yoara 


Length of rails in 


Number of years of 


Length of rails in 


of service. 


metres. 

t 


service. 


metres. 


i 


297,224 


16 


66,270 


1 


288,834 


17 


66,764 


2 


621,404 


18 


8,982 


8 


491,198 


19 


6,234 


4 


288,988 


VO 


87,991 


5 


176,004 


21 


8,134 


6 


196,380 


22 


213 


7 


232,924 


23 


29,266 


8 


196,908 


24 


1,000 


9 


167,639 


26 


820 


10 


148,842 


26 


816 


11 


120.027 


27 


8,262 


12 


204,048 


28 


1,121 


18 


465,107 


29 


1,121 


14 


219,366 


30 


1,744 


16 


98,796 


81 


10,009 


ft 


Total, 




4,878,607 



The following table gives the mean life of the rails taken up from 
the road, and shows the very remarkable result, that the old-fashioned 
T-rail and the double-headed rails, with unequal heads, have a life 
of 13 years. This applies, however, to rails manufactured when 
quality was more sought for than quantity, and we see immediately 
in the modern rails a diminution in life of from i to f . The same 
superiority in the American rail being remarked that has been 
noticed elsewhere : 



Mean Life of Rails taken up from the State Railways of Belgium^ 

in the year 1869. 

Years. 



Mean life, the length 
of each particular 



kind of rail being 



T-rails with a curved stem, 13 

^-raiU with a straight stem, .... 1-J 

Double-hcHded rails with dissimilar heads, . • 13J 

Double-headed rails with symmetrical heads, . 4J I taken into consid- 

Ordinary American rails, Gj\ j eration, \'^. 

The following table gives the life of the rails remaining uj)on the 
road in the year 1869, and gives the same extraordinary results for 
the X'^^^''*'> ^^^ shows the great economy of making a first-rate 
article. For the first-class these rails have attained the extraordi- 
nary life of 23 J ycare. 



INVESTIGATIONS ON IRON AND STEEL BA1IJ3. 41 



Life of the Rails remaining on the State Railways of Belgium^ 

in 1869. 



28J • 

n 

4f 


Mean life, the length 
of each particular 
kind of rail being 
taken into consid- 


8} J 


eration, y'^. 



X-rails with a curved stem, .... 
^-rails with a straight stem, 
Double-headed rails with dissimilar heads, . 
Double-headed rails with symmetrical heads, 
Ordinary American rail, .... 

I was particularly struck with the importance attached in France, 
to having no repairs of any kind done to the rails by the manufac- 
turer. The conditions of the contract are such that it is contrary to 
his interest to make them, or to attempt to conceal in any way any 
defects. I had seen so much of this kind of repair done in Grer- 
many and elsewhere, but particularly in Germany, that this condi- 
tion attracted my special attention. In one of the Grerman works, 
the engineer who accompanied me, pointed out with special pride 
the skill with which they were able to putty up defects, and stated 
to me that the composition and method of doing it was a secret, and 
that special workmen only could do it. The defects were certainly 
thoroughly concealed, and it required very close inspection to discover 
cracks which had been cut out with a hammer and chisel, or with a 
file, and filled up with the composition, and there was very little 
probability that they would be discovered, even if they were sought 
for in the inspection. But it is very much like trying to cure the 
symptoms without attacking the disease. In other works, both in 
this country and in Europe, no attempt whatever is made to conceal, 
nor apparently to prevent, these defects, and I have seen very large 
piles of rails ready for delivery, not a single one of which, so far as I 
could discover, was without what appeared to be serious defects in 
the flange. These rails w^ere besides cut, punched, and nicked, cold. 
I do not know where they were laid, but I was quite prepared to 
hear from a large railway house that the life of certain rails, which 
laid on an ordinary road-bed without accidents or unusual wear, did 
not exceed 18 months. 

Almost all the companies in Europe have rail repair shops for 
iron rails, and ♦ery ingenious machinery, which is usually copied 
from American works, and often conducted by Americans. In these 
works, defective rails removed from the road-bed are repaired. It 
is evident that the companies have a great advantage in doing this, 
since in most cases, rails which are only damaged, remain the prop- 
erty of the company, but must be paid for by the manufacturer. 



42 INVESTIGATIONS ON IRON AND STEEL BAn^. 

under the stipulations agreed upon in the contract. These repairs 
usually consist in putting in pieces, to fill out the I'ail where it bis 
been damaged. la most cases these pieces are put into the head at 
the ends of the rail, but they sometimes require to be put in the 
head in the middle of the rail, and occasionally any other parts are 
replaced in the same way. The furnaces used for doing this work 
are so constructed, that the rail may be heated in any part indepen- 
dently of the other. The pieces to be put in are fastened with strong 
wire to the rail, which is then heated at that point, and passed through 
rolls so adjusted, that they may bear only on the point heated. This 
requires very great skill in the workmen, much more skill than time. 
When the ends are pierced, the pile is arranged in such a way as to 
make the rail too long, and it is afterwards cut to length, in order 
to have a perfect end. When the rails are not badly damaged, and 
are properly repaired, they look well, and can be very profitably 
used on turnouts or any other part of the road where they are not 
exposed to very great wear. Steel rails are never repaired, for the 
only accidents that ever happen to them is breakage, and then they 
are replaced by the manufacturer. 

Steel rails have, of late years, been very generally adopted by the 
leading companies of this country and Europe. The fears expressed 
with regard to their not being able to resist the influence of the 
climate of this country, have proved to have been entirely ground- 
less. The Central Railroad of Belgium commenced to use them in 
1869, in the part of their road where no iron rails stooil the test, 
with the most satisfactory results. It was at first feared that the 
steel rails would become rapidly polished, and that the locomotive 
would, consequently, have less adherence, and that the brakes would 
necessarily act less perfectly ; but all these fears were proved to be 
without foundation, though steel rails do certainly become polished 
much more rapidly than iron. 

The Northern Railway of France adopted, in 1873, a steel rail of 
the American pattern, which weighed 30 kgs. per m., made at Terre- 
noire and at Creusot. The normal length of this rail is 8 m., but 
in order to facilitate the manufacture lengths of 5, 6, and 7 m., are 
also admitted. The strength of this rail, in com*parison with the 
types of all the rails in use on the principal roads of Eurof>e, is 
shown in the table below. The limit of force exerciswl on the 
fibres of the top of the head of the steel rail, of 30 kgs., and the iron 

one of 37 kgs., when new, are represented for the steel rails by -j = 

7.742, and for the iron by y! = 7.012. The ratio of these two 



INVESTIGATIONS ON IRON AND STEEL RAILS. 43 

values is '^ = 1.104. For the base of the foot, the forces are 



7.981 



7981 for steel and 6472 for iron, whose ratio is ^ = 1.233. 



If these same forces are calculated for the steel rail nearly worn 

out, and the new iron rail, the ratios are found to be ^^^^ == 1882 

for the head, and ^^^ = 1406 for the foot. For the new rail the 

greatest increase of force is less than 0.25 of the primitive values, and 
for the steel rail worn as far as it can be used, the greatest increase 
of the interior force, with regard to those of a new iron rail, is less 
than the 0.041th part of the primitive values. The limits of elas- 
ticity of steel are, however, double that of iron, so that the steel rail 
which is worn out, or has arrived at the limit of greatest wear, is 
still stronger than a new iron rail. These figures apply to the 
charge supposed to. be at rest on the rails. If the charge is supposed 
in motion, it is found that the forces are increased only 0.264 for 
new steel rails, while for iron rails they are increased 0.301, and 
that when the steel rail has arrived at its maximum use, it is only 
0.34 ; so that, notwithstanding its light weight, the steel is better 
than the iron rail. For the resistance to friction it is found that if 
T represents the force tending to cut it, s =: 743 T for the steel rail 
of 30 kg. and s = 662 T for the iron. This increase is, however, 
fully compensated by the increased resistance of the steel, as the in- 
creased strain does not exceed, in eflFective force, more than 5 kg. per 
square millimetre. 

Investigations, made by the Northern Railroad of France, with 
regard to the life of steel rails, show that the period, though very 
variable, unlike iron rails, depends directly upon the amount of 
weight carried over them. It has been ascertained that the steel 
rails wear out slowly in parallel layers, while iron rails deteriorate 
very rapidly, and are worn out before they have lost any very great 
amount of their weight by wear. In order to ascertain exactly what 
the wear is, a cast in plaster of the rail before it is laid down is 
taken, and after a certain number of million tons have passed over 
it, it is taken up and another cast is taken. The difference is then 
measured and gives the wear of the rail, per million tons, in milli- 
metres. It has been found, after some years of experiment, that the 
very best iron rails do not last on this line for a circulation of over 
20,000,000 tons, while ordinary iron rails will not last for over 
14,000,000. All the experiments, however, show that steel rails 
wear uniformly a millimetre for a circulation of 20,000,000 tons, 
and as the rails now in use are calculated for a wear of 10 millime- 
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tres, we can suppose, accidents being left out of consideration, that 
the steel rail will not wear out before 200,000,000 tons have passed 
over it, that is to say, that the ordinary steel rail is ten times better 
than the best iron rail. 

The temperature at which the steel rails are finished, has, of 
course, a great deal to do with its strength, and consequently with 
its life, and too little attention has been given to this subject. A 
great many experiments made with the object of comparing the two 
kinds of rails have shown, that in all the experiments on pressure, 
iron rails preserve a very appreciable permanent set, as soon as the 
compression attains 17 or 18 kgs. per square mm., while in steel rails 
this deformation does not commence until about 38 kgs. In the ex- 
periments upon direct traction, iron rails of good quality have a 
resistance of between 28 and 36 kgs. per square mm. Steel rails 
have a resistance between 65 and 70. 

In the experiments upon shock, iron rails do not resist a force 
greater than 400 kilogram metres, while for steel rails this resistance 
is about 900 km. Another great advantage of steel over iron rails 
is, that as they are made of a homogeneous material, when they are 
worn out, they are worth the full value of the steel contained, as 
steel to be remelted, while the iron of old rails not being homoge- 
neous, but being composed of materials which are essentially differ- 
ent, more esi>ecially when the head has been made of iron containing 
phosphorus, is worth but little. The conditions of the contracts 
however, are generally such as to preclude the use of old iron rails, 
in any quantity, in the packages for the new ones. 

The substitution of steel rails for iron, in France, has corresponded 
at once to a very considerable economy in the care of the road, at 
the same time that it gives greater resistance and security. For all 
these reasons the Northern Railway of France has adopted the steel 
rail of 30 k.* 

These rails are not only stronger and better, but are actually 
cheaper, metre for metre, than the old iron ones of 37 kg. were, as 
shown by the table on the next page. 

It is more than probable that the same results will hold good 
elsewhere. In this country, such a result would diminish the ex- 
penses for repair of the road, by increasing the life of the rails, 
so as in some cases to make it possible to run roads, now working 



* This rail is mjido heavier than the steel rail usually adopted in the United 
States, which is 27 k. In Turkey for the main lines they use a steel rail of 25 k. 
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Comparison of the cost price of a kilometre of road laid with Iron 
Hails of 37 kilogi'ammes^ and of Steel Rails of 30 kilogrammes. 



Iron rails of 37 kilogrammes. 



Rails, 

Fish-plates, .... 
Bolt-, 

SiTCWS, 

Wedges for rail ends, . 

Ties, 

Care of the road, trans- 
portation , cost of stor- 
ag**, which is 35 francs 
the ton of iron or for 

Cost of a kilometre of 
single track, . . . 

Excess of the cost o\ 
i ron over the steel, per 
kilometre, .... 



Or per metre in round 
numbers, . . . . 



Quantities 

Tons. 
74. 
8.20 

.562 
1.685 

.082 
1.167 



79.470 



Price. 



Francs. 
850 
850 
680 
650 
578 
5 



Cost. 



Francs. 
25,900. 
1,120. 

297.86 
1,095.25 
18.50 
5,885. 



Steel rails of 30 kilogrammes. 



Quantities 



Tons. 
60. 
2.825 

.420 
1.580 

.024 
1.125 



85 



2,781.76 ' 64.849 



i 87,048.87 I 



Price. Cost. 



Francs. 
420 

850 
580 
650 
578 
5 



85 



Francs. 
25,200 
818.76 
222.60 
1,027. 

18.87 
5,625. 



2.252.21 



35,154.48 



1,898.94 



1.90 



either without profit, or at a loss, and it is very desirable that 
statistics should be collected on this subject. 

In changing the weight of the steel rail on the Northern Rail- 
road it was necessary to take into account, that there were a large 
number of old iron rails still in use upon the road, and it was 
therefore desirable to make the steel rail of 30 k. of the same 
height as the old iron rail which weighed 37 k. Taking this as a 
starting-|)oint, it was necessary to make the head of the rail as 
large as possible, and to reduce its body and the width of the 
foot as much as would be safe, in order to have the greatest amount 
of material in the head, as upon the depth of this part of the rail, 
other things being equal, its life depends, since steel rails wear out 
proportionately to the amount of traffic. That this has been done 
wisely, is shown by the wear of the rail on the road, and by the 
following table prepared by the Northern Railroad for the purpose 
of instituting a comparison between the rails of this road and those 
in use upon all the principal roads of Europe. It shows a number 
of very interesting comparative results. 

The steel rail of 30 kgs. adopted by the Northern Railroad, is sup- 
ported at 9 points. Near its joints the supports are 60 cm. apart, 
next to these 90 cm., and at all other places one metre. They are 
all fished, the holes for which are 0.024 m. in diameter, and are 
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bored. They are placed directly upon the ties, in places which are 
cut out for them, and are fixed by two spikes of galvanized iron for 
the intermediate ties, and with four for the joints. In order that 
the spikes shall not split the ties at the ends of the rails, they are 
not placed opposite to one another. Particular instructions are 
given, that every care shall be taken that the spikes shall not be 
placed in any pre-existing crack in the tie, nor in such a way, that 
they will interfere with spikes placed against the end of the rail. 
These spikes or wedges, are placed at one end of the rail, only to 
prevent it from slipping, leaving the other extremity free for move- 
ments of dilatation. To avoid the tendency of the rail, in all soft 
wood, to shove the outside spike, a cast-iron ring 2.50 cm. in thick- 
ness, with several projections on its outside diameter, is let into the 
tie, and the spike is driven through it, care being taken that there 
shall be at least 4 ram. l)etween the upper part of the ring and the 
lower part of the rail. They are now trying the experiment of not 
placing the ends of the rails upon the same ties, but either on the 
next, or on a tie at some distance, so that the joint on one side of the 
track, will be either opposite a point near the end, or the middle of 
the rails on the other. The result is, that as the shocks due to the 
passage over the joints, are not simultaneous, their action upon the 
movement of the car is much less perceptible, and the road is much 
smoother. This method has not been long under trial, but there 
seems to be a considerable decrease in wear and tear. 

A large series of both iron and steel rail ends, cut off near the 
point of fracture, collected from all the different roads, under vary- 
ing circumstances, were prepared for etching, in order to study how- 
far the fracture might have been caused by bad welding, or other 
defects, which entirely escape all ordinary inspection, and to ascer- 
tain whether, in the case of steel rails, there was any concentration 
of material, as has been suggested, near the point of fracture, which 
would tend to make the rail brittle at that point. Very little atten- 
tion is paid to this subject of etching, in tests for iron and steel, 
much less than it deserves. It was hoped that important discoveries 
with regard to the causes of fracture of the rails would be made, 
that many of the points which are now not understood would be 
partially if not wholly explained, by the developments, either of con- 
centrations of impurities, or physical defects, which cannot be made 
visible in any other way. The chemical constitution also of the 
rail is a subject which demands the most serious attention, more 
especially as it is now known that the relative proportions, more 
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than the amount, of certain substances, influence the strength of both 
iron and steel. Unfortunately the panic of 1873 prevented the exe- 
cution not only of the analyses of the large collections of pieces of 
broken rails made for the purpose, but also all the other chemical 
and physical experiments which had been planned, and for some of 
which instruments had been devised. 

Investigation seems to show that the fracture of almost all the 
broken steel rails started in defects which escaped the observation, 
but which were in the rail when it was laid. These defects, if not 
in the rail when delivered to the company, are generally caused, to 
a very great extent, by the rail being thrown from the car to the 
ground, or by other rough handling. The cases where sound rails 
are broken by the trains are comparatively rare. It is very notice- 
able, that the percentage of steel rails broken soon after they are 
laid, is exceedingly small, and that, up to a certain time after they 
have been down, it seems to increase, and then gradually to be re- 
duced to almost nothing. This is owing to the fact that the fissures 
or cracks which escape observation, require some time to be devel- 
oped sufficient to cause rupture, and that this time having been 
reached, a large number of rails break, and then, after these causes 
cease to operate, the defective rails being for the most part removed, 
the normal wear is shown in the sound rails that remain. In rails 
broken within six months after they were laid, it is generally easy 
to see that the fracture commenced in a small flaw and propagat<^ 
itself, from the fact that the crack is, more or less, rusted where the 
break commenced. This cannot, however, be verified in all cases, 
because the rail is often allowed to lie for some days beside the track, 
instead of being always taken up and sent immediately to the work- 
shops, although instructions are generally given, that whenever a 
rail is found broken, it shall be transported at once to the nearest 
station, to be sent to the workshops of the headquarters of the road, 
to be tested. 

The holes for the fish-bolts, in rails of any kind, but particularly 
steel rails, should never be punched, as minute fissures are likely to 
be developed in the circumference of the holes;* nor should they, for 
the same reason, be notched in the flange. It is found that a very 
large percentage of punched and notched rails break shortly after 



* It is asserted that the fissures produced in the circumference of the holes are 
80 short, that they can bo entirely removed by subsequently reaming out the 
holes. This saves the expense of drilling, and is now under trial in some of the 
French works. 
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:hey have been laid. Hence all the roads stipulate that all steel 
•ails which are to be fished^ should be bored, and that on no ac- 
count should any change in the condition of the rail be made, after 
t has once passed through the rolls, except directly at the ends, 
[t has been ascertained, by careful examination of the facts, that 
tireless handling of the rails is one of the most frequent ways in 
^hich the small fissures, which eventually cause their fracture, are 
produced, and is, consequently, one of the most fruitful causes of 
•ailway accidents. It is positively forbidden, by most of the French 
railways and manufacturers, ever to throw a rail down, or allow it 
X) drop from any height. To discharge it from the car, at least two 
rails are required to be placed as skids, upon which the rails are to 
slide to the ground. They are then to be lifted to the place to which 
they are to go. When rails are being piled up, at the works, these 
skids are a great convenience to the workmen, and they are always 
used ; but, in discharging them from cars, they are not, as it is often 
inconvenient to place them, and whenever the men think that they 
are not watched, they will divscharge the rails by throwing them, but 
when this is discovered, it is always punished. 

It 13 generally in the winter that the largest number of rails are 
broken, and there has been a great deal of speculation, but very few 
experiments with regard to the effect of cold upon the wear of iron 
and steel rails. I had devised a method of making such tests, and 
was to have made a very large series of experiments upon this sub- 
ject, but unfortunately, was prevented. I am inclined to think, how- 
ever, from a preliminary examination of the subject, that the cause 
Df fracture is not so much owing to the cold — though both iron and 
steel have a diminished power of resistance, when subjected to great 
3old — as to the fact that the road-bed is entirely frozen and ridged 
luring many months at a time. The want of elasticity in the road- 
bed would tend to increase any flaws that might have been started, 
ind the shock of the passing trains would have a much greater efllcct 
upon the rail during the winter than during the summer months, 
when part of the shock is diminished by the elasticity of the road- 
be<l. The road-bed is also less capable of inspection in the winter, 
3wing to the accumulation of ice and snow, and a crack or flaw com- 
menced, is less likely to be seen, or a broken rail is more likely to 
be kept in its place, for a certain time, than in summer, and is there- 
fore le&s likely to be removed before an accident occurs. I am 
sustained in this opinion by some of the best engineers in Europe. 

It is greatly to be wished that some such tests as I had proposed 
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to make, should be carried out by some of our roads, in order that 
this jKjint may be definitely settled, and that we may know exactly 
how far the strength of the rail is diminished by the cold of the 
winter. When this is known it is probable some remedy will be 
found for the greater number of accidents caused by broken rails in 
the winter months. 

In closing this paper, I must express my warmest thanks to the 
Orleans and Lyons Railway Company, of France, whose engineers 
entered heartily into my plans of collecting statistics and specific 
information relating to the broken rails which were sent to me for 
further investigation. To the engineers of the Northern Bailroad 
of France, who not only furnished me with a large amount of infor- 
mation, but allowed me to frequently use their shops without charge. 
I can only express to them and to the Institute my very great r^ret 
that the panic of 1873, which has so seriously affet*ted the whole of 
this country, prevented the investigation from being more than fairly 
commenced in Europe, and did not allow of anything being done in 
this country. 



Mr. John Fritz remarked that the fracture of steel rails was refer- 
able either to abnormal chemical composition or improper mechani- 
cal treatment. Often we have in the chemical composition alone a 
sufficient cause for breakage. It is known that where the amount 
of carbon is high, the amount of silicon and phosphorus must be 
low. He had, for instance, examined two foreign rails of the same 
make which broke in the track. One contained 0.16 per cent, carbon, 
0.087 silicon, and 0.127 phosphorus; the other 0.58 carbon, 0.56 
silicon, and 0.112 phosphorus. They were both forged out to small 
bars, and while the first could be bent double cold, the last broke at 
the first attempt to bend it. But more important, if possible, than 
the chemical composition is the mechanical treatment. All violent 
disturbance of the molecular arrangement of the particles of the 
steiil when cold, as in straightening, punching, notching, etc., tends 
to make it brittle. Sandberg has shown that hard steel rails which 
were notched on the flange suffered a loss of strength of 50 to 97 
per cent. — the former where the notch was semicircular, and the 
latter when the notch was square. At the Bethlehem Iron Works, a 
sample ingot is taken from each blow, forged out to a bar about J 
by 1 inch, and bent until the ends meet. From this ingot samples 
are also taken for analysis. A rail from each heat is further sub- 



INVESTIGATIONS ON IRON AND STEEL RAILS. 51 

jected to a drop test of 2000 pounds falling fifteen feet. When the 
rail is notched or punched, it will. sometimes break with a drop of 
one foot. The question naturally arises, Why expend so much care 
on a rail that will stand the fifteen feet drop, and then deliberately 
reduce the strength 90 per cent, or more at each end ? The advan- 
tage in favor of drilling over punching is very marked. Where a 
punched rail will break with a drop of one to two feet, a drilled rail 
will stand eight to ten. Not long since an engine on the Lehigh 
Valley Railroad ran off the track and struck a number of steel rails 
on the sides or flanges. All of these rails broke shortly after in the 
track. With regard to iron rails, it is simply a matter of good iron 
and of dollars and cents. There is no mystery here, and it is not 
worth discussion. 

Mr. W, A. Sweet, of Syracuse, said : While I am neither a manu- 
facturer of steel rails nor a user of them, my experience as a ma- 
nipulator of rail-ends and old rails has given me great and varied 
experience in the breaking of rails, and has led me to conclusions 
perhaps different from any one present. Not having shears suflS- 
ciently strong to cut a steel rail, it has been a study with me to find 
a way to break old steel rails with the least physical labor. I find, 
by arranging the rail as shown in the accompanying sketch, where 
A represents the point of support, B the sledge, and c the position of 




the nick in the flange, the rail is almost invariably broken at the first 
blow. There is a perceptible time, after striking the blow, before 
the suspended end drops off, appearing as if a wave of vibration 
passed to the end and back again to the point where the flange is cut, 
where it seems to stop suddenly, the wave of vibration appearing to 
me to be arrested and concentrated to that extent that the molecular 
constitution of the metal is destroyed. It may be, however, that the 
vibrations do not go to the end and return, but are arrested in the 
first instance at the point where the nick or dent is made. That it 
is a wave of vibration that causes breaking in steel rails I am fully 
convinced. I do not think that the cutting or punching of the holes 
for the fish-plate bolts would weaken the rail beyond what would be 
produced by the removal of so much metal, provided that the rails 
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had becD rolled at the proper temperature when finished. But where 
the ends are allowed to get loose, uiy opinion is that they break at 
the remote end, after the passage of the last wheel of the train. 

I think if a rail is actually tight in the fish-plate (and but few are), 
there will be no breakage without the cause is on the face of it, as 
by the running off of the cars, or some actual duty too great for their 
strength to bear. 

It is well known that bells are supposed to be made the proper 
shape to throw off vibration, and to continue to do it for years with- 
out breaking. When one is not so proportioned it soon breaks, and 
must be replaced by a new one, and no credit accrues to the maker 
of the faulty one. 

In the case of a rail, we have a bar equal in size from end to end, 
and it only wants a mark or dent with a hammer, to arrest the waves 
a few times, and the result is a break. The now accepted fact, that 
punching the holes for the fish-plate bolts weakens the rail 75 per 
cent., shows, to a thinking mind, that there is something wrong, 
either in the molecular construction of the metal itself, or in its ma- 
nipulation. 

I claim, and have for years, that it is in the manipuiation ; that 
steel rails have not yet been rolled properly, or finished at a proper 
heat. They should be rolled and finished in chilled rolls, with fin- 
ished pusses, and at a heat that will just set the scale. Having 
rolled thousands of tons of rail-ends into small bars, and so treated 
them that they will bend double and stiind pounding down flat, I 
feel prepared to say that, if rails were rolled as we roll tire steel, 
they would stand ten times the shock they now will, and that punch- 
ing the holes would weaken them only in proportion to the amount 
of metal removed. 

We are taking Bessemer steel and converting it into blister steel 
by the cementing process (imparting to it enough carbon, so that by 
analysis it shows 1 per cent.), rolling it into spring steel, and from 
it making hundreds of pairs of springs per day. The leaves of the 
same are \\ inches wide, with three holes, 5-16 inches in diameter, 
punched in each one, and when they are tested they do not brejik in 
the holes. There are many thousiinds of our tire for carriages, where 
the bolt-hole is more than \ the width of the tire, and a tire from 
this stock is scarcely over broken. The tire is strainwl on the wheel 
in setting, as is well known, and receives many blows from contact 
with the pavements, fully equal to what rails are subjected to, and 
probably much more in proportion to the actual weight of its section. 
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